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INTRODUCTION 

Smoking-related  cancers  such  as  lung  and  head  and  neck  cancers  are  a  major  cause  of  cancer 
death  in  the  United  States.  About  25%  of  lung  cancer  patients  are  diagnosed  with  stage  I  or  II 
disease  and  undergo  surgery  with  curative  intent,  but  the  5-year  survival  for  the  group  of 
patients  is  only  30%-70%.  Patients  with  a  strong  history  of  smoking  and  prior  early-stage  cancer 
are  found  to  be  at  high  risk  for  cancer  recurrence  or  development  of  second  primary  tumors 
(SPTs).  An  effective  adjuvant  therapy  after  surgery  in  this  group  of  patients  is  not  well 
established  yet.  The  survival  benefit  of  adjuvant  chemotherapy  was  uncertain  until  recent 
findings  reported  by  Winton  and  colleagues  {Winton  et  al„  2005).  They  found  that  adjuvant 
chemotherapy  (vinorelbtne  and  cisplatin)  increases  the  5-year  survival  of  surgically  resected 
non-small  ceil  lung  cancer  (NSCLC)  patients,  resolving  the  debate  over  the  benefit  of  adjuvant 
chemotherapy.  Thus,  better-designed  clinical  trials  and  basic  research  are  needed  to  establish 
the  standard  of  care  for  these  patients  after  surgery. 

The  program  VITAL  {Vanguard  Triai  of  Investigational  Therapeutics  in  Adjuvant  Treatment  of 
Lung  Cancer)  developed  in  2003  leads  to  this  direction.  It  aims  to  develop  a  risk  assessment 
model  for  cancer  recurrence  and  development  of  smoking-related  SPT  based  on  the 
understanding  of  molecular  events  in  pre-malignant  tissues  that  underlie  progression  to 
malignancy  in  the  high-risk  population,  and  to  identify  effective  preventive  agents  for  this  group 
of  patients.  Specifically,  our  objectives  are 

•  To  identify  biologically-based  treatments  for  prevention  of  cancer  recurrence  and 
development  of  second  primary  tumors  in  high-risk  patients 

•  To  understand  molecular  events  in  premalignant  tissues  that  contribute  to  progression  or 
malignancy 

•  To  develop  a  risk  prediction  model  for  disease  recurrence  and  development  of  second 
primary  tumors  in  high-risk  patients  by  combining  clinical  treatment  outcomes  with  molecular 
and  imaging  data. 

PROGRESS  REPORT  (BODY! 

Project  1:  Biologic  Approaches  for  Adjuvant  Treatment  of  Aerodigestive  Tract  Cancer 

(PI  and  co-PIs:  Drs.  Waun  Ki  Hong,  Edward  S.  Kim,  Rodolfo  C.  Morice,  David  J.  Stewart) 

Aim  1  Assess  the  smoking-related  disease-free  survival  in  patients  who  are  current  or 
former  smokers  with  a  prior  definitively-treated  stage  I/ll  lung  or  head  and  neck 
cancer. 

The  main  objective  was  to  open  the  Vanguard  study  at  MDACC  as  well  as  the  2  other 
participating  sites.  A  total  of  300  patients  with  definitively  treated  stage  I/ll  lung  or  head  and 
neck  cancer  and  at  least  a  20-pack-year  smoking  history  will  be  enrolled  in  the  trials.  Enrolled 
patients  will  undergo  baseline  testing  including  chest  x-ray,  CT  scan,  labs,  bronchoscopy,  and 
other  specimen  collections  (i.e.,  sputum,  saliva,  serologies).  Bronchoscopies  and  specimen 
collection  will  be  performed  at  baseline  and  at  months  12,  24  and  36.  White-light  alone  or  white 
light  and  autofluorescence  modalities  will  be  used.  Abnormal  areas  detected  by  bronchoscopy 
will  also  be  biopsied.  Histologic  assessment  will  be  performed  to  determine  whether  malignant 
changes  will  occur  during  the  time  period,  if  severe  dysplasia,  carcinoma  in  situ  or  carcinoma  is 
discovered,  patients  will  go  for  the  plans  outlined  in  the  clinical  protocol.  Once  patients  have 
completed  3-years  of  testing,  they  will  be  followed  for  until  the  study  is  completed. 
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Update 

In  the  past  year,  we  have  continued  enrolling  patients  in  the  VITAL/Vanguard  trials.  A  total  of  34 
patients  have  been  enrolled  in  Vanguard  trial.  Patient  clinical  data  and  tissues  have  been  and 
continue  to  be  collected  and  will  be  distributed  to  investigators  of  VITAL  research  projects 
through  the  VITAL  Pathology  Core.  {For  details,  please  refer  to  the  Pathology  Core  update,  pg. 
33.)  The  adjuvant  Tarceva  (erlotinib)  protocol  will  be  reviewed  by  our  Clinical  Research 
Committee  (CRC)  on  January  23,  2007,  and  by  our  IRB  on  February  7,  2007.  The  protocol  was 
forwarded  to  the  DOD  for  simultaneous  review  on  January  18,  2007.  One  patient  is  enrolled  in 
the  celecoxib  trial. 

Due  to  a  change  in  the  climate  for  treatment  plans  in  which  patients  are  followed  more  closely 
by  their  local  medical  oncologist,  our  patient  accrual  has  been  tower  than  expected.  To  enhance 
the  patient  accrual,  we  have  taken  several  important  actions  in  the  last  year.  We  conducted  a 
review  of  the  trial  in  our  lung  NCI  program  project  which  initially  had  similar  difficulties  to  learn 
and  adopt  important  measures  which  were  successful  in  improving  patient  accrual.  We  have 
made  several  small  but  important  modifications  to  this  protocol  that  we  expect  to  improve 
accrual  with  higher  risk  patients  balanced  with  the  ability  to  accrue  sufficient  numbers  of  patients 
to  obtain  statistical  significance  with  this  trial.  These  changes  include  lessening  the  number  of 
follow-up  visits  to  allow  for  the  climate  change  for  patients  to  be  seen  by  their  local  oncologist, 
opening  the  trial  to  stage  III  patients,  and  decreasing  the  pack  years  required  to  10,  The  higher 
risk  stage  III  patients  offset  the  decrease  in  pack  years  but  allows  for  more  patients  to  be  eligible 
for  these  trials.  In  addition,  we  have  increased  the  personnel,  such  as  research  nurses,  entirely 
dedicated  to  just  the  trials  in  this  program. 

We  have  worked  to  increase  the  visibility  for  our  program  and  clinical  trials.  We  have  distributed 
patient  brochures  and  advertised  the  trials  on  the  radio  in  order  to  enhance  the  awareness  of 
the  trials  locally  and  on  our  website  {www.mdanderson.org/lung)  to  increase  awareness 
nationally  and  internationally  to  improve  the  patient  accrual.  For  our  lung  NCI  program  project, 
these  measures  were  successful  in  increasing  accrual  and  expect  to  see  similar  increases  for 
this  program.  The  majority  (462/683;  67.5%)  of  candidates  came  from  these  ads.  We  will  be 
monitoring  the  success  of  these  measures,  which  were  developed  this  past  year  and  just 
released  last  month,  and  adjusting  as  necessary  to  accomplish  our  goals. 

In  addition,  we  have  invited  the  local  Methodist  Hospitalto  participate  in  the  VITAL/Vanguard 
trials  which  would  increase  our  accrual  of  early  stage  lung,  head  and  neck  cancer  patients.  Dr. 
Shanda  Blackmon  would  be  the  Surgery  Principal  Investigator  and  has  expressed  great  interest 
in  participating.  Contract  negotiations  are  currently  underway. 

Although  the  Vanguard  trial  was  activated  at  the  Eisenhower  Medical  Center,  the  patient  accrual 
was  very  poor;  we  thus  closed  the  trial  at  this  Center.  Conemaugh  Memorial  Medical  Center  had 
delayed  activation  pending  several  clarifications  which  were  resolved  via  conference  call.  The 
revised  protocol  was  resubmitted  to  their  IRB  and  received  their  full  approval  on  November  16, 
2006.  Currently,  the  DOD  is  reviewing  the  approved  protocol  and  informed  consent  for 
implementation  at  Conemaugh.  Upon  the  DOD  approval,  Conemaugh  Memorial  Medical  Center 
will  activate  the  study. 

Aim  2  Evaluate  effects  of  biologic  agents  as  adjuvant  therapy  on  the  modulation  of 
histology  and  specific  biomarkers  in  this  high-risk  population. 

Current  adjuvant  chemotherapy  offers  some  benefits  in  the  high-risk  patients,  but  is  not  a  long¬ 
term  preventive  strategy.  We  plan  to  open  several  biologic  adjuvant  clinical  trials  with  novel 
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agents  such  as  celecoxib,  eriotinib,  lonafarnib,  and  possibly  others.  Considerable  preclinical 
data  exist  for  these  agents  for  cancer  as  well  as  normal  or  precancerous  bronchial  epithelium. 

Update 

The  Vanguard  study  has  been  activated  and  is  accruing  patients  as  described  above.  The  first 
biologic  adjuvant  trial  using  celebrex  was  opened  on  September  29,  2005,  and  1  patient  is 
enrolled.  The  second  biologic  adjuvant  trial  using  eriotinib  will  be  reviewed  by  our  IRB  the  first 
week  of  February,  as  mentioned  above.  The  pharmaceutical  company,  Genentech,  has  agreed 
to  supply  eriotinib  for  this  study.  The  protocol  is  pending  review  {January  31,  2007)  by  the 
company.  This  aim  will  be  completed  at  the  end  of  the  study  period. 


Aim  2  Evaluate  effects  of  biologic  agents  as  adjuvant  therapy  on  the  modulation  of 
histology  and  specific  biomarkers  in  this  high-risk  population. 

Current  adjuvant  chemotherapy  offers  some  benefits  in  the  high-risk  patients,  but  is  not  a  long¬ 
term  preventive  strategy.  We  plan  to  open  several  biologic  adjuvant  clinical  trials  with  novel 
agents  such  as  celecoxib,  eriotinib,  lonafarnib,  and  possibly  others.  Considerable  preclinical 
data  exist  for  these  agents  for  cancer  as  well  as  norma!  or  precancerous  bronchial  epithelium. 

Update 

The  Vanguard  study  has  been  activated  and  is  accruing  patients  as  described  above.  The  first 
biologic  adjuvant  trial  using  celebrex  was  opened  on  September  29,  2005,  and  1  patient  is 
enrolled.  The  second  biologic  adjuvant  trial  using  eriotinib  will  be  reviewed  by  our  IRB  the  first 
week  of  February,  as  mentioned  above.  The  pharmaceutical  company,  Genentech,  has  agreed 
to  supply  eriotinib  for  this  study.  This  aim  will  be  completed  at  the  end  of  the  study  period. 


Aim  3  Develop  a  lung  cancer  risk  model  to  help  predict  the  likelihood  of  development 
utilizing  imaging  and  biologically-based  information  in  this  high-risk  population. 

Patients  with  a  history  of  smoking  and  a  prior  surgically  resected  stage  I/ll  head  and  neck  or 
lung  cancer  are  at  high  risk  for  cancer  recurrence  or  SPTs.  There  are  no  standard 
interventions,  which  have  been  proven  to  help  reduce  the  risk  of  cancer  occurrence.  A  Gail  risk 
model  implemented  in  the  initial  management  of  breast  cancer  screening  has  proven  useful  and 
has  helped  with  early  detection  and  more  stringent  follow-up  in  the  higher  risk  cohorts.  Patients 
enrolled  in  the  Vanguard  trial  will  have  aggressive  post-operative  follow-up  with  analysis 
including  frequent  serologies,  bronchial  specimens  and  CT  scanning.  Trends  in  these  multiple 
biomarkers  would  be  analyzed  and  used  to  develop  a  predictive  model.  Establishing  a  risk 
model  will  eventually  help  identify  patients  who  may  be  at  higher  risk  for  lung  cancer 
development  and  promote  earlier  interventions  for  prevention. 

Update 

This  aim  will  be  completed  at  the  end  of  the  study  period. 

Key  Research  Accomplishments 

•  36  patients  were  enrolled  in  Vanguard  trial. 

•  Patient  clinical  data  and  tissues  have  been  and  continue  to  be  collected  and  will  be 
distributed  to  support  research  projects  in  the  VITAL  grant. 

•  The  adjuvant  ceiecoxib  trial  is  open  and  has  enrolled  1  patient. 
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•  The  adjuvant  erlotinib  protocol  was  submitted  to  our  IRB  and  the  DO D  for  review. 

•  New  recruitment  strategies  have  been  implemented  to  increase  patient  accrual, 
including  protocol  changes,  distributing  patient  brochures,  actively  contacting  potential 
patients,  advertising  the  trials  on  our  website  (www.mdanderson.org/lung)  and  local 
radio,  and  negotiating  the  addition  of  Methodist  Hospital. 

Conclusions 

The  completion  of  the  VITAL/Vanguard  trials  is  the  key  to  this  grant.  We  have  implemented  a 
number  of  actions  that  we  expect  to  increase  the  accrual  and  ensure  the  high  quality  of  clinical 
data  and  patient  samples  to  be  collected  and  distributed  to  the  research  investigators  in  the 
VITAL  program.  This  is  a  top  priority  for  our  program. 

Project  2:  Identification  of  Biomarkers  of  Response  to  Chemoprevention  Agents  in 
Lung  Epithelium 

(PI  and  co-PIs:  Li  Mao,  M.D,,  Reuben  Lotan,  Ph,D„  John  Minna,  M.D.) 

We  proposed  to  use  genomic  and  proteomic  analysis  to  identify  changes  in  gene  expression 
and  proteins  which  correlate/associate  with  cancer  risk  in  the  carcinogen  damaged 
aerodigestive  tract  field  and  also  use  these  signatures  to  monitor  the  response  of  this  field  to 
chemoprevention.  We  will  determine  modifications  of  these  changes  by  chemopreventive 
agents  in  premalignant  cells  in  vitro  and  to  use  probes  for  the  modified  genes  and  proteins  to 
analyze  tissue  specimens  from  individuals  participating  in  the  chemoprevention  clinical  trials. 

Aim  1  Develop  immortalized  human  bronchial  epithelial  cell  cultures  using  a  subset  of 
patient  tissue  specimens  collected  in  Project  1  and  characterize  the  expression 
profiles  of  these  cells  using  oligonucleotide  based  microarrays. 


The  main  goal  of  this  aim  of  this 
project  is  to  establish  these  cultures 
from  the  patients  entered  onto  the 
clinical  trial  described  in  Project  1 
and  to  characterize  their  gene 
expression  profiles. 

Update 

This  year,  we  continued  our  efforts 
to  develop  additional  immortalized 
human  bronchial  cell  strains 

(HBECs),  and  have  made 

considerable  progress  in  generating 
immortalized  HBECs  from  now  36 
different  individuals  that  were 
collected  on  various  tissue 

procurement  protocols  at  The 
University  of  Texas  Southwestern 
and  at  M.  D.  Anderson  Cancer 
Center  as  summarized  in  Table  1. 
These  represent  males,  females,  a 
spectrum  of  smoking  status,  as  well 
as  persons  with  and  without  lung 


Tabid  1.  Summary  of  all  Immortalized  Human  Bronchial 
Epithelial  Cell  {HBEC)  Strains  Started  from  Patient 

Specimens 

Total  Number  of  HBEC  Lines 

36 

Female 

21 

Male 

15 

Smokers 

9 

Ex-smokers 

15 

Non-smokers 

4 

Smoking  Status  TBD 

8 

<50  years  old 

3 

50-60  years  old 

8 

60-70  years  old 

11 

>70  years  old 

9 

Age  TBD 

5 

Lung  Cancer 

20 

Other  cancer 

5 

No  cancer 

4 

Cancer  Status  TBD 

7 

E/KT  pairs* 

19 

HBEC/Tumor  pairs” 

2 

’  same  bronchial  eptthleial  cells  immortalized  with  hTERT  and  cdk4  or 
with  oncogenic  HPV  E6,  E7 

**  HBEC  line  made  along  with  companion  lung  cancer  cell  line  from 
the  same  patient 
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cancer.  We  have  also  immortalized  15  of  these  same  bronchial  epithelial  specimens  with 
oncogenic  HPV  E6  and  E7.  Finally,  we  have  made  two  pairs  of  immortalized  HBECs  and  lung 
cancer  cell  lines  from  the  same  patient.  We  have  performed  Affymetrix  gene  expression  profiles 
on  these  HBECs  and  representative  results  are  presented  in  Project  2,  Aim  3  below. 


Aim  2  Characterize  effects  of  the  chemopreventive  agents  used  in  Project  1  on  cell 
proliferation  and  apoptosis  in  the  immortalized  human  bronchial  epithelial  cell 
cultures  developed  in  Specific  Aim  1. 

We  will  determine  the  potential  role  of  different  chemopreventive  agents  [e.g.,  celecoxib,  N-[4- 
hydroxyphenyl] retina mide  (4-HPR),  Iressa  (gefitinib),  and  SCH63663]  alone  or  in  combination 
with  one  another  for  their  effects  on  cel!  proliferation  and  apoptosis  in  cell  cultures  established  in 
Aim  1.  We  will  also  determine  the  relative  sensitivity  among  the  various  cell  cultures  to  each  of 
the  agents  by  determining  the  50%  growth  inhibitory  concentration  {IC50).  Results  from  this 
Specific  Aim  will  be  the  basis  to  identify  molecular  signatures  proposed  in  Specific  Aim  3. 


Update 

We  have  analyzed  the  effects  of  several  agents  on  the  growth  of  premalignant  human  bronchial 
epithelial  cells  most  of  which  have  been  developed  in  Aim  1.  Figure  1  shows  the  dose  response 
curves  for  the  inhibition  of  the  immortalized  HBE  cell  series  by  Iressa,  4HPR,  celecoxib  and 
SCH66336.  The  responses  of  the  different  cell  lines  varied  by  as  much  as  several  fold  with 
respect  to  the  IC50  concentration.  The  same  cell  line  could  be  more  sensitive  to  one  agent  and 
less  sensitive  to  another  relative  to  the  other  cell  lines  perhaps  reflecting  the  different 
mechanism  of  action  of  the  different  agents  and  the  intrinsic  properties  of  the  cell  lines. _ 


HBEC3 

KTCt 

KTC2 

KTR53 

KT53 

)CTR 


Figure  1.  HBE  cells  were  cultured  on  96-well  plates  and  treated  with  the  indicated  agents  at  different 
concentrations.  After  3  days,  the  cell  numbers  in  triplicate  wells  were  estimated  using  the  sulforhodamine 
B  assay  and  %  of  growth  inhibition  was  calculated  by  comparing  the  optical  density  of  treated  cultures  to 
control  cultures,  The  data  are  presented  as  the  mean  ±  SD. 


Page  6 


Army  Award  W81XWH-04-H)142;  Waun  Ki  Hong,  M.D, 

Annual  Report:  Reporting  Period  15  December  2005  -  14  December  2QQ6 


Further  studies  were  performed  with  13  HBE  cell  lines  using  the  EGFR  inhibitor  Tarceva  (Figure 
2).  This  inhibitor  was  as  effective  in  inhibiting  the  tumorigenic  1170-1  cells  as  it  was  in  inhibiting 
the  less  progressed  cell  lines  of  the  BEAS-2B  family  including  the  immortalized  1799  and  the 
transformed  1198.  Since  the  1170-1  and  the  1198  cell  fines  were  reported  to  express  more 
EGFR  than  1799  and  BEAS-2B,  it  follows  that  the  sensitivity  to  Tarceva  among  these  cell  lines 
is  not  affected  by  the  difference  in  receptor  expression  as  had  been  reported  in  human  lung 
cancer  cell  lines  by  others.  The  results  of  inhibition  of  the  HBEC  cell  series  indicate  that 
whereas  Tarceva  inhibited  all  cell  lines,  the  degree  of  inhibition  was  lowest  for  the  KT53  cell  line 
(no  more  than  45%  inhibition  at  any  dose  compared  to  60-80%  for  some  others)* 


Figure  2.  The  indicated  cell  lines  were  cultured  in  wells  of  a  96- well  plate  and  treated  in  triplicates  with 
control  medium  or  the  indicated  concentrations  of  Tarceva.  The  treatments  were  terminated  after  1,  2,  or  3 
days  and  cell  numbers  at  these  times  were  estimated  using  the  sulforhodamine  B  assay.  %  Growth 
inhibition  was  calculated  from  the  absorbencies  of  treated  cultures  relative  to  untreated  controls.  The  data 
are  presented  as  the  mean  ±  SD. 


EE  0.1  pM  Tarceva 
HD  O.SpM  Tarceva 
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Atm  3  Identify  gene  expression  and  protein  “signatures"  which  reflect  lung 
tumorigenesis  and  sensitivity  or  resistance  to  chemopreventive  regimens 
proposed  in  Project  1,  and  to  validate  the  signatures  and  to  determine  their 
biological  importance  in  precancer  cell  models  of  lung  cancer. 


Update 

1)  Detection  of  genes  upregulated  or  downregulated  by  insertion  of  oncogenic  changes 
into  HBECs 

As  described  in  prior  reports,  we  have  generated  HBECs  oncogenically  manipulated  to  contain 
oncogenic  KRASV1Z,  stable  knockdown  {by  shRNA)  of  p53  or  the  combination  of  these  two 
changes.  In  addition,  we  have  made  multiple  other  oncogenic  changes  (e.g,  mutant  EGFR, 
CMYC,  BCL2,  PTEN  knockdown).  The  expression  profiles  for  these  HBEC  lines  with 
preneoplastic  changes  have  been  determined  using  Affymetrix  U133  2  plus  arrays  as  well  as 
using  quantitative  RT  PCR  for  selected  genes.  We  have  identified  a  series  of  genes  specifically 
upregulated  or  downregulated  in  these  manipulated  HBECs  (see  Tables  2  and  3  for  genes 
upregulated  or  down  regulated  by  the  combination  of  KRAS  and  p53  knockdown).  These 
gene  expression  changes  will  be  some  of  those  used  to  analyze  preneoplastic  specimens  from 
patients. 

Table  2.  Genes  upregulated  >4  fold  by  KRASV12  and  p53  knockdown  in 
HBECs 


Symbol 

Gene 

lQ9» 

DNAJB9 

DnaJ  (Hsp40)  homolog,  subfamily  B,  member  9 

3*24 

AGR2 

anterior  gradient  2  homo  Jog  (Xenopus  la  e  vis} 

3.21 

LCN2 

lipocalin  2  (oncogene  24p3) 

3,09 

GDF15 

growth  differentiation  factor  15 

2.97 

TSLP 

thymic  stromal  lympbopoietin 

2.62 

HERPUD1 

TR1B3 

homocysteine-inducible,  endoplasmic  reticulum  siress- 
indudble,  ubiqul  tin -like  domain  member  1 

nibbles  homotog  3  (Drosophila) 

2.61 

2.59 

UPP1 

uridine  phosphorylase  1 

2.54 

ARRDC3 

arrest!  n  domain  containing  3 

2,48 

HSD1181 

hydroxysteroid  (11-beta)  dehydrogenase  1 

2.34 

CTGF 

connective  tissue  growth  factor 

2.27 

IL1RL1 

interleukin  1  receptor-like  1 

2.26 

pa 

p8  protein  (candidate  of  metastasis  1) 

2.25 

TACSTD1 

tumor-associated  calcium  signal  transducer  1 

2.24 

OTR 

diphtheria  toxin  receptor  (heparin-binding  epidermal 
growth  factor-like  growth  factor) 

2  24 

STC2 

stanniocaldn  2 

2,22 

OAF 

decay  accelerating  factor  for  complement  (CDS 5, 

Cromer  blood  group  system) 

2.21 

SLJTRK6 

SLIT  and  NTRK-like  family,  member  6 

2.15 

RDH-E2 

retinal  short  chain  dehydrogenase  reductase 

2.14 

SDF2L1 

stromal  cell -derived  factor  2-like  1 

2*12 

PMAIP1 

ph0fbol-12-myristate-13-acetate-induced  protein  1 

2.11 

PRG1 

proteoglycan  1,  secretory  granule 

2*07 

ABCG1 

ATP-binding  cassette,  sub-family  G  (WHITE),  member 

1 

2*06 

BEX2 

brain  expressed  X-Jinked  2 

2.03 

CCNA1 

cydin  A1 

2.01 
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Table  3.  Genes  downregulated  >4  fold  by  KRASV12  and  p53 
knockdown  In  HBECs 


Symbol 

Gene 

Log  i 

ANGPTL4 

angtopoietin-like  4 

-3.03 

TXNIP 

Lhioredoxin  interacting  protein 

-2,91 

ARRDC4 

arrestin  domain  containing  4 

-2,91 

GSTM3 

glutathione  S-tfansferase  M3  (brain) 

-2.63 

OOZ2 

odz,  odd  Oz/temm  homolog  2  (Drosophila) 

-2,45 

1GFBP3 

insulin-like  growth  factor  binding  protein  3 
carbohydrate  (N-acefylglutosamine-6-O) 

-2.42 

-2.32 

CHST2 

sulfotransferase  2 

P13 

protease  inhibitor  3,  skin -derived  (SKALP) 

-2,30 

MCM6  mini  chromosome  maintenance  deficient  6 

-2.28 

MCM6 

(MIS5  homolog.  S,  pombe)  (S,  cerevisiae) 
ubiqui tin-1  ike,  containing  PHD  and  RING  finger 

-2.24 

UHRFl 

domains,  1 

MAGEE  1 

melanoma  antigen,  family  E.  1 

potassium  inwardly-rectifying  channel,  subfamily 

-2.09 

-2,05 

-2,04 

-2.00 

KCNJ15 

J,  member  15 

MCM5  minEchromosome  maintenance  deficient  5. 

MCM5 

cell  division  cycle  46  (S.  cerevisiae) 

serine  (or  cysteine)  proteinase  inhibitor,  clade  B 

S6RPINB3 

(ovalbumin),  member  3 

ZNF367 

zinc  finger  protein  367 

-2,00 

2)  Oncogenic  manipulation  and  biologic  selection  for  complete  tumorigenic 
transformation  of  immortalized  normal  human  bronchial  epithelial  cells 

As  reported  previously,  to  develop  an  in  vitro  model  system  to  study  the  multi-step  pathogenesis 
of  lung  cancer,  we  established  a  series  of  cdk4/hTERT-im mortal ized  human  bronchial  epithelial 
cell  lines  (HBECs)  which  can  be  genetically  manipulatedthat  are  able  to  differentiate  into  mature 
airway  ceils  in  organotypic  cultures,  but  do  not  form  colonies  in  soft  agar  or  tumors  in  nude  mice 
(Vaughan  et  at,  2006).  We  observed  that  combinations  of  p53  knockdown  with  mutant  EGFR  or 
with  physiological  levels  of  oncogenic  KRAS  V12  in  our  HBECs  showed  partial  progression 
towards  malignancy.  These  cells  formed  colonies  in  soft  agar,  but  failed  to  form  tumors  in  nude 
mice.  The  detailed  findings  have  been  published  in  Cancer  Research  (Sato  et  al.,  2006)  as 
attached  in  the  Appendix  2, 

3)  Oncogenic  manipulation  and  biologic  selection  for  complete  tumorigenic 
transformation  of  immortalized  normal  human  bronchial  epithelial  cells 

As  reported  previously,  to  develop  an  in  vitro  model  system  to  study  the  multi-step  pathogenesis 
of  lung  cancer,  we  established  a  series  of  cdk4/hTERT-immortalized  human  bronchial  epithelial 
ceil  lines  (HBECs)  which  can  be  genetically  manipulatedthat  are  able  to  differentiate  into  mature 
airway  cells  in  organotypic  cultures,  but  do  not  form  colonies  in  soft  agar  or  tumors  in  nude  mice 
(Vaughan  et  al„  2006).  We  observed  that  combinations  of  p53  knockdown  with  mutant  EGFR  or 
with  physiological  levels  of  oncogenic  KRAS  v,z  in  our  HBECs  showed  partial  progression 
towards  malignancy.  These  cells  formed  colonies  in  soft  agar,  but  failed  to  form  tumors  in  nude 
mice.  The  detailed  findings  have  been  published  in  Cancer  Research  (Sato  et  al.,  2006)  as 
attached  in  the  Appendix  2. 
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In  the  present  study,  we  evaluated  various  combinations  of  oncogenic  manipulation,  higher 
levels  of  expression  of  oncogenic  KRASV12,  and  the  biologic  behavior  of  clones  selected  to 
grow  to  large  size  in  soft  agar.  We  found  that  without  oncogenic  manipulation,  soft  agar  colony 
forming  efficiency  (CFE)  was  approximately  <  0.1%;  With  various  oncogenic  manipulations, 
including  higher  expression  of  KRASV12  alone,  soft  agar  colony  CFEs  were  approximately  3%, 
and  the  combination  of  higher  KRAS  V12  and  p53  knockdown  increased  CFE  to  8%.  None  of 
these  changes  were  tumorigenic.  However,  the  combination  of  higher  KRAS  V1!  and  p53 
knockdown  but  not  high  KRASV*2  alone  led  to  development  of  a  subset  of  very  large  soft  agar 
colonies  (0.1 -0.2%).  These  large  colonies  were  isolated  and  found  to  have  CFE  of  10  -15%  with 
large  colony  numbers  increased  10-fold.  Five  of  the  large  colonies  were  expanded  and  tested 
for  tumorigenicity  and  2  were  capable  of  forming  subcutaneous  and  orthotopic  (bronchus) 
tumors.  Of  interest,  one  was  an  adenocarcinoma  and  the  other  was  a  squamous  cell  carcinoma. 
In  addition,  the  adenocarcinoma  expressed  high  levels  of  KRAS  V12  but  the  squamous 
carcinoma  expressed  normal  levels  of  KRASV12.  Thus,  we  conclude  that  multiple  oncogenic 
changes  found  in  lung  cancer  (telomerase  expression,  p16  bypass,  p53  ablation,  mutant  EGFR, 
oncogenic  KRAS)  introduced  into  HBECs  are  still  not  capable  of  full  oncogenic  transformation. 
However,  a  subset  of  cells  selected  for  the  ability  to  form  large  colonies  in  soft  agar  is  capable 
of  tumor  formation  and  tend  to  differentiate  into  two  non-small  cell  lung  cancer  phenotypes 
(adenocarcinoma  and  squamous  cell  cancer).  An  abstract  of  the  results  was  presented  in  the 
2006  AACR  meeting  (Sato  et  al,,  2006  AACR). 

The  expression,  genetic,  and  epigenetic  changes  as  well  as  the  stem  cell  like  characteristics  of 
these  subsets  of  cells  are  being  investigated  to  delineate  the  key  final  steps  in  fung  cancer 
pathogenesis. 

4)  Detecting  low-abundant  proteins  in  human  plasma  proteome  by  using  multi-lectin 
affinity  chromatography  and  two-dimensional  gel  electrophoresis 

One  of  initiatives  in  this  Aim  is  the  identification  of  protein  signatures  in  plasma,  which  would  be 
used  as  effective  surrogate  markers  for  lung  tumorigenesis  and  sensitivity  or  resistance  to 
chemopreventive  regimens. 

Glycosyiation  is  one  of  the  most  common  post-translational  protein  modifications  and  plays  a 
fundamental  role  in  a  diverse  set  of  biologic  processes.  Plasma  glycoproteins  can  be  enriched 
using  lectins,  which  bind  to  specific  sugar  structures.  To  determine  the  utility  of  a  multi-lectin 
column,  we  analyzed  two  independent  sets  of  plasma  samples,  each  consisting  of  400/jI  mixture 
of  plasma  from  five  healthy  controls.  Captured  proteins  in  the  column  were  released 
sequentially  using  inhibitory  carbohydrates  and  collected  stepwise.  The  total  glycoprotein  bound 
to  the  column  was  10.9%  of  total  plasma  proteins  including  2.3%  to  jacalin,  3.7%  to 
conconavalin  A  (ConA),  and  4.9%  to  wheat  germ  agglutin  (WGA),  Therefore,  this  column 
provides  20-44  folds  enrichment  of  plasma  glycoproteins  in  each  fractionation.  We  further 
performed  two-dimensional  gel  electrophoresis  (2-DE)  and  generated  reproducible  profiles  of 
enriched  plasma  glycoproteins.  Several  major  plasma  proteins,  such  as  albumin,  transferrin, 
immunoglobulin  G,  and  ol-antitrypsin,  were  largely  removed  by  the  enrichment  strategy.  In  the 
areas  of  high  molecular  weight  proteins  on  the  2-DE  gels,  substantially  more  protein  spots  were 
visible  in  the  sample  with  enrichment  than  its  un-enriched  counterpart  (289  spots  vs.  117  for 
WGA  fractionation  as  an  example).  Our  results  demonstrate  that  the  multi-lectin  affinity— 2-DE 
approach  can  help  visualize  lower-abundant  plasma  proteins  and  may  improve  the  identification 
of  plasma  protein  markers.  This  strategy  has  potential  to  be  used  to  identify  plasma  protein 
markers  associated  with  cancer.  An  abstract  was  presented  in  the  2006  AACR  Meeting 
(Kawaguchi  et  al.,  2006  AACR). 
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5}  Identification  of  proteins  associated  with  lung  cancer  progression  using  the  novel 
protein  enrichment  strategy 

As  we  reported  last  year,  we  have  developed  a  novel  2-DE-based  strategy  to  enrich  moderately 
abundant  and  low-abundance  proteins.  The  strategy  takes  advantage  of  the  specific  binding 
capability  of  certain  chemicals  or  ions  (baits)  to  specific  protein  structures  to  pull  down  a  subset 
of  cellular  proteins  and  their  binding  partners  before  2-DE  analysis.  Using  this  strategy,  we  are 
able  to  achieve  enrichment  of  total  cellular  proteins  by  as  much  as  100-fold  in  each  selection 
and  specifically  allow  to  determine  the  potential  functions  of  the  proteins. 

In  this  grant  period,  we  used  MS-MS  to  analyze  sequence  properties  of  65  protein  spots 
differentially  presented  on  the  2-DE  gels  between  the  immortalized  HBE  cells  established  in  Aim 
1  and  NSCLC  cell  lines  using  the  enrichment  strategy.  Many  of  the  proteins  were  expressed  at 
moderate  or  low  abundant  levels  in  these  samples,  validating  our  previous  claim  that  the 
strategy  will  allow  identification  of  low  abundant  cellular  proteins  in  the  2-DE  based  assays.  It  is 
an  important  improvement  because  the  identification  of  this  class  of  proteins  has  been  a  major 
bottleneck  in  identifying  relevant  protein  markers  using  the  proteomics  approach.  Among  the 
proteins,  we  identified  that  CDK4  is  highly  expressed  in  all  but  1  of  5  immortalized  HBE  cell  lines 
as  expected,  but  not  expressed  in  any  of  the  NSCLC  cell  lines  tested.  This  difference  in 
expression  may  be  due  the  fact  that  most  NSCLC  cell  lines  are  defective  in  pi 6  and  do  not 
require  CDK4  for  immortalization.  A  previous  study  has  demonstrated  that  the  normal  bronchial 
epithelial  cells  can  become  immortalized  only  when  both  hTERT  and  CDK4  are  activated.  The 
immortalized  HBE  line  not  expressing  CDK4  might  provide  a  tool  to  determine  an  alternative 
mechanism  by  which  the  cell  line  maintains  its  immortality  without  activation  of  CDK4.  An 
abstract  was  presented  in  the  2006  AACR  meeting  (Ren  el  al.,  2006  AACR). 

Aim  4  Develop  techniques  to  assess  these  molecular  signatures  in  tissue  specimens 
and  serum  obtained  in  Project  1,  and  assess  the  relevance  of  these  molecular 
signatures  as  in  vivo  biomarkers  using  baseline  and  post-treatment  specimens. 

Update 

We  have  collected  bronchial  brush  specimens  from  all  the  participants  of  VITAL  trial  in  Project 
1.  These  specimens  will  be  used  for  biomarker  analyses.  Also,  we  have  developed  qRT-PCR 
assays  for  a  series  of  genes  relevant  to  lung  cancer  pathogenesis  and  used  these  to  profile 
various  HBEC  cells.  One  set  of  these  genes  of  particular  interest  is  the  set  with  the  stem  cell 
proliferation  signature.  We  have  found  significant  differences  in  the  expression  of  these  genes 
in  a  panel  of  HBECs  isogenic  with  each  other  except  for  oncogenic  manipulation  (Figure  3). 

Key  Research  Accomplishments 

•  Established  additional  immortalized  human  bronchia!  epithelial  cell  (HBEC)  strains  from 
multiple  donors 

•  Genetically  manipulated  the  HBECs  to  derive  isogenic  strains  that  expressed  oncogenic 
KRAS,  mutant  EGFR,  and/or  loss  of  p53  expression  as  well  as  HBECs  with  various 
EGFR  tyrosine  kinase  domain  mutations  alone  or  with  p53  knockout,  and  characterized 
their  biologic  and  gene  expression  behavior  showing  they  had  partial  progression 
towards  malignancy 

•  Identified  gene  expression  signatures  associated  with  the  introduction  of  oncogenic 
changes  into  the  HBEC  cells 

•  Determined  ICsoS  for  Tarceva  on  all  13  HBE  cell  lines 


Page  11 


Army  Award  W81XWH-04-1-0142;  Waun  Ki  Hong,  M.D. 

Annual  Report:  Reporting  Period  15  December  2005-  14  December  2006 


•  Demonstrated  progression  of  oncogenically  manipulated  HBECs  to  full  malignancy  after 
biologic  selection  in  soft  agar 

•  Determined  protein  profiles  related  to  lung  tumorigenesis  using  immobilized  metal  ion 
adsorption  chromatography 

•  Detected  low-abundant  proteins  in  human  plasma  proteome  by  using  multi-lectin  affinity 
chromatography  and  two-dimensional  gel  electrophoresis 


Conclusion  and  Future  Work 


We  can  conclude  that  clonal  selection  of  some  ceils  with  the  combination  of  higher  levels  of 
KRASV'J  and  p53  knockdown  are  capable  of  full  progression  to  tumorigenesis  whereas  others 
were  not.  The  identification  of  the  differential  factors  involved  is  important.  Methods  have  been 
developed  for  the  identification  of  protein  profiles,  including  proteins  of  low  abundance  that  are 
related  to  lung  cancer  tumorigenesis  and  will  be  used  with  patient  samples  to  identify  key 
protein  signatures.  In  the  next  year,  we  will  also  continue  to  establish  new  immortalized  HBEC 
cultures  when  patient  samples  become  available  from  the  VITAL  trials  and  test  new 
chemoprevention  agents  on  the  HBECs  with  and  without  oncogenic  manipulation. 
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Figure  3:  Isogenic  HBECs  with  various  oncogenic  manipulations  vary  in  their 
expression  (qRT-PCR)  of  stem  cell  proliferation  signature  genes.  Vector  control  is  set  to  1 
(black  or  bark)  and  the  changes  In  gene  expression  are  made  relative  to  this  (green  down  regulated,  red 
upregulated).  We  now  have  a  panel  of  25  stem  cell  proliferation  genes,  12  of  which  are  shown  here. 
(Collaboration  with  Neil  Watkins  at  Johns  Hopkins  Cancer  Center). 


Project  3:  Premalignant  Bronchial  Epithelia:  Molecular  and  Cellular  Characterization  of 
Lung  Tumorigenesis 

{PI  and  co-PIs:  Walter  Hittelman,  Ph.D„  Ja  Seok  Koo,  Ph.D..  Rodolfo  C.  Morice,  M.D.) 

Aim  1  Identify  and  characterize  differentially  expressed  genes  in  the  LIFE 
bronchoscopy-identified  abnormal  areas  of  the  bronchial  epithelia  of  of  enrolled 
subjects  in  VITAL  trials. 

Previous  studies  have  shown  that  bronchial  regions  that  appear  abnormal  by  LIFE 
bronchoscopy  show  increased  genetic  changes  when  compared  to  normal  appearing  sites, 
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even  if  there  are  no  differences  in  histological  appearance.  Since  LIFE-positive  lesions  are  at 
increased  risk  for  cancer  development,  especially  when  they  contain  particular  genetic 
alterations,  we  hypothesize  that  these  LIFE-positive  sites  represent  lesions  at  an  early  stage  of 
tumorigenesis  and  may  differentially  express  genes  important  for  driving  tumorigenesis.  Thus, 
comparative  gene  expression  analyses  between  LIFE-positive  and  LIFE-negative  sites  within 
the  same  individual  may  provide  a  filter  for  identifying  genes  whose  levels  of  expression  are 
important  for  driving  tumorigenesis. 

Update 

1)  LIFE  Bronchoscopy 

Since  the  autofluorescence  bronchoscopy  system  became  available  on  Aug  16,  2005,  collection 
of  Vanguard  samples  guided  by  light-induced  fluorescence  endoscopy  (LIFE)  technology  has 
been  possible,  Our  initial  plan  was  to  obtain  30  bronchial  brush  and  30  biopsy  specimens  from 
10  subjects  entered  onto  the  VITAL  trial.  Each  subject  was  to  undergo  white-light  and  LIFE 
bronchoscopy  and  three  biopsies  and  three  bronchial  brushings  would  be  obtained,  one  from  a 
light  normal/LIFE  normal  region,  one  from  a  light  normal/LIFE  abnormal  lesion,  and  one  from 
light  abnormal/LIFE  abnormal  region. 

The  case  information  we  obtained  so  far  is  listed  in  Table  4.  Among  them,  7  cases  matched  our 
eligibility  criteria  and  the  samples  of  both  biopsy  and  bronchial  brushing  from  each  of  them  have 
been  collected  (Table  4).  _  _  _ 


Table  4:  Status  of  specimen  collection  (Wn,  white  fight  normal;  Wab, 
white  light  abnormal;  Ln,  LIFE  normal;  Lab,  LIFE  abnormal 

Case  No,  Date  MOM  Sample  ID 

1 

1/18/2006 

651359 

not  match  cntena 

2 

2/16/2006 

646661 

Kl-Wn/Ln 

Kl-Wah/Lab 

3 

3/2/2006 

625985 

not  match  cntena 

4 

3/14/2006 

662005 

K2-Wn/Ln 

K2-Wab/Ub 

5 

3/24/2006 

662690 

not  match  criteria 

6 

4/1  a/2006 

662601 

not  match  criteria 

7 

5/1/2006 

642687 

not  match  criteria 

e 

S/2/2006 

664477 

not  match  criteria 

9 

6/14/2006 

672121 

K3-Wn/U 

K3-Wn/Lab 

K3-Wah/Lab 

to 

6/27/2006 

662526 

not  match  criteria 

11 

6/29/2006 

662306 

not  match  criteria 

12 

7/13/2006 

631954 

K4-Wn/Ln 

K4-Wn/Lab 

13 

7/19/2006 

635849 

not  match  criteria 

14 

7/19/2006 

648151 

K5-Wn/Ln  (RML) 

KS-Wab/Lab  (RML) 

K5-Wah/Lab  (RUL) 

K5-Wab/Lab  (LUL) 

K5-Wab/Lab  (MC) 

15 

7/25/2006 

638463 

not  match  criteria 

16 

9/13/2006 

316113 

not  match  criteria 

17 

10/10/2006 

644060 

not  match  criteria 

IB 

10/13/2006 

667434 

K6-WrVLn 

K6-WaWLat> 

19 

10/25/2006 

686663 

not  match  criteria 

20 

10/31/2006 

519391 

K7-Wn/Ln 

K7-Wab/Ub 
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The  biopsies  collected  were  cultured  to  get  the  primary  tracheobronchial  epithelial  cells.  Cell 
lysis,  RNA,  secretion,  cytospin  slides  and  paraffin-embedded  histology  blocks  have  been 
collected  at  day  15  and  day  22  after  culturing  cells,  respectively.  The  cells  from  the  brushes 
were  used  to  extract  RNA  for  further  microarray  analysis.  Table  5  lists  the  cell  number  and  the 
RNA  quality  and  quantity  we  obtained  from  these  samples. 


Table  5.  Status  of  the  isolation  of  epithelial  cells  from  biopsy  and  brush  specimens. 


Sample  10 

Cali  number 
(Yield) 

RNA  quality 

RNA 

quantity  (jig) 

Gene  Expression 
Profiling 

Kl-Wn/Ln 

250x1 0M 

good 

3396.9 

Completed 

Ki-Wab/Lab 

200x10*4 

good 

1822.5 

Completed 

K2-Wn/Ln 

400x10*4 

good 

2130 

ongoing 

K2-Wab/Lab 

400x10*4 

good 

2700 

ongoing 

K3-Wn/Ln 

120x1  GM 

good 

3614.4 

ongoing 

K3-Wn/Lab 

120x10*4 

good 

2913 

ongoing 

K3*Wab/Lab 

760x10*5 

good 

2730 

ongoing 

K4-Wn/Ln 

440x10*4 

good 

5516.4 

ongoing 

K4-Wn/Lab 

480x10*4 

good 

4343.7 

ongoing 

K5-Wn/Ln  (RML) 

280x10*4 

poor 

KS-Wab/Lab  (RML) 

640x10*4 

poor 

K5-Wab/Lab(RUL) 

K5-Wab/Lab 

200x10*4 

N.D. 

(LUL) 

K5-Wab/Lab 

280x10*4 

N.D, 

(MC) 

280x10*4 

N.D. 

K6-Wn/Ln 

920x10*4 

good 

5250 

K6-Wab/Lab 

920x10*4 

poor 

K7-Wn/Ln 

good 

2180 

ongoing 

K7-Wab/Lab 

good 

3384 

ongoing 

2)  Reconstruction  of  bronchia)  epithelium  in  vitro  using  the  VITAL  biopsies. 

Using  an  organotypic,  air-liquid  interface  (ALI)  culture  method  (ad  described  in  more  detail 
under  Aim  2  below),  we  successfully  reconstructed  bronchial  epithelium  using  bronchial 
epithelial  cells  isolated  from  biopsies  of  LIFE  normal  and  LIFE  abnormal.  Briefly,  tissue 
specimens  containing  bronchial  epithelium  were  plated  onto  60  mm  dishes  with  BEGM  media 
(Clonetics,  San  Diego,  CA)  containing  insulin  (5  ;/g/ml),  hydrocortisone  (0.072  pg/  ml), 
transferrin  (10  pg/mi),  epinephrine  (0.5  //g/ml),  triiodothyronine  (6,5  ng/ml),  epidermal  growth 
factor  (0,5  ng/ml),  bovine  pituitary  extract  (1%  v/v),  gentamicin  (50  //g/ml),  amphotericin  B  (50 
ng/ml),  and  retinoic  acid  (5  *  10'®  M).  Epithelial  cells  were  harvested  by  enzymatic  detachment 
and  seeded  onto  the  porous  membrane  filter  of  the  Transwell-clear  (Coming)  6  well  plates.  An 
ALI  was  created  on  day  7.  The  cultures  were  maintained  in  the  above  media  for  total  15  and  22 
days.  Cell  lysis,  RNA,  secretion,  cytospin  slides  and  paraffin-embedded  histology  blocks  have 
been  collected  at  day  15  and  day  22  cultured  cells  separately.  Cell  lysis,  RNA,  secretion, 
cytospin  slides  and  paraffin-embedded  histology  blocks  have  been  collected  at  day  15  and  day 
22  cultured  cells  separately. 
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3)  Global  gene  expression  analysis  using  microarray. 

According  to  previous  report  (Spira,  A  et  at.  2004),  bronchial  brushings  yielded  90%  epithelial 
cells,  as  determined  by  cytokeratin  staining,  with  the  majority  being  ciliated  cells.  To  identify 
genes  differentially  expressed  in  LIFE  abnormal  versus  LIFE  normal  bronchial  epithelial  cells, 
we  extracted  RNA  from  brushing  and  compared  global  gene  expression  profiles  using  Agilent 
oligonucleotide  array  Genechip  that  represents  40,000  human  genes.  Currently,  we  have 
completed  the  microarray  analysis  for  KI  samples  (see  Table  4)  and  the  others  are  in  progress. 

We  found  2588  over-expressed  genes  and  3384  down-expressed  genes  with  statistical 
significance  in  KI  LIFE  abnormal  brushings  compared  with  KI  LIFE  normal  brushings.  These 
deregulated  genes  are  demonstrated  to  be  involved  in  many  pathways  by  KEGG  pathway 
analysis  (Kanehisa.  1997).  We  are  especially  interested  in  MAPK  signaling  pathway  and 
cytokine-cytokine  receptors  interaction,  and  we  are  validating  the  expression  of  several  genes 
using  cultured  bronchial  epithelial  cells  isolated  from  VITAL  biopsies. _ 


To  globally  evaluate  how 
close  our  organotypically 
cultured  bronchial  epithelial 
cells  originated  from  biopsies 
of  LIFE  normal  and  LIFE 
abnormal  bronchial 

epithelium  reflects  the 

expression  profile  of 
bronchial  epithelial  cells  in 
vivo,  we  performed 
microarray  using  cultured 
epithelial  cells  and 

determined  the  overall  gene 
expression  pattern  of  brush 
samples.  The  results  were 
compared.  Gene  expression 
levels  were  ranked  in  each 
microarray  and  the  rank  was 
plotted  for  every  gene. 

Correlation  coefficients  were 
calculated.  The  results 

(Figure  4)  show  a  good 
correlation  between  the  gene 
expression  pattern  of  brush 
sample  and  biopsy  culture. 

Importantly,  the  culture  did 
not  induce  any  significant 
changes  in  gene  expression 
as  indicated  by  the  few  dots 
distributed  in  the  upper  left 
corner  of  the  plot.  It  also 
indicates  that  cultured 
sample  is  from  a  more 
homogeneous  population  of  cells  as  compared  with  brush  sample. 
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4}  Invasion  analysis  of  LIFE  normal  and  LIFE  abnormal  bronchial  epithelial  cells. 

To  investigate  if  LIFE  abnormal  cells  have  higher  invasive  tendency  than  LIFE  normal  cells, 
invasion  assay  was  performed  using  cultured  epithelial  cells  from  three  cases,  Briefly,  Transwell 
chambers  (BD  Biosciences,  CA)  were  coated  with  0.1%  gelatin  (or  with  matrigel,  for 
comparison)  and  plated  with  VITAL  cells  (5  *  104)  were  plated.  Following  incubation  (24-48  hrs) 
and  fixation  of  the  cells,  noninvasive  cells  on  the  upper  surface  of  the  filter  were  removed,  and 
the  cells  that  had  invaded  onto  the  filter  were  quantitated  using  Image  J  (NIH  program).  Figure  5 
shows  the  representative  images  of  the  invasive  cells  and  the  quantitative  results.  The  assay 
was  also  performed  using  Transwell  chambers  coated  with  matrigel  with  the  same  outcome. 
These  early  results  suggest  that  LIFE  abnormal  cells  are  more  aggressive  than  LIFE  normal 
cells.  The  genes  related  to  the  higher  malignant  characteristic  of  the  cells  identified  through 
microarray  analysis  are  being  studied. 


Aim  2  Establish  an  organotypic  model  system  that  mimics  in  vivo  interactions  between 
normal,  premalignant,  and  malignant  bronchial  epithelial  cells  in  the  lung  using 
cells  derived  from  bronchial  biopsies  and  immortalized  bronchial  cells. 

Our  prior  studies  using  chromosome  in  situ  hybridization  to  visualize  genetic  changes  in  the 
bronchial  epithelium  of  current  and  former  smokers  suggested  that,  over  years  of  tobacco 
smoke  exposure,  the  combination  of  accumulating  genetic  damage,  ongoing  tissue  damage, 
and  wound  healing  results  in  a  mosaic  of  evolving  clonal  outgrowths  throughout  the  bronchial 
epithelium.  To  better  understand  the  molecular  basis  of  preferential  outgrowth  of  more 
advanced  bronchial  epithelial  clones,  we  proposed  to  utilize  a  cell  culture  model  whereby 
normal  and  abnormal  bronchial  epithelial  cells  are  grown  on  collagen  or  stoma  cell-coated, 
suspended  filters  and  exposed  to  an  air-liquid  interface.  This  organotypic  culture  environment 
mimics  lung  stratified  epithelium,  complete  with  basal  cells,  ciliated  columnar  cells,  and  mucus- 
producing  goblet  cells.  Our  group  has  extended  this  model  system  by  tagging  cell  populations 
with  fluorescent  probes  (e.g.,  green  fluorescence  protein)  that  allows  us  to  carry  out  live  cell 
imaging  of  mixed  clonal  populations.  This  model  system  permits  characterization  of  the  ability  of 
more  advanced  bronchial  epithelial  cell  populations  to  expand  on  the  growth  surface  at  the 
expense  of  less  advanced  bronchial  epithelial  cell  populations. 

Update 

Due  to  the  delays  of  the  initiation  of  the  clinical  trial  of  Project  1  and  the  implementation  of 
fluorescence  bronchoscopy,  we  have  focused  our  organotypic  studies  by  using  already 
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established  bronchial  epithelial  cell  strains.  We  previously  described  studies,  which  examined 
the  cell  cycle  regulation  of  these  different  bronchial  cell  strains  representing  different  stages  of 
lung  tumorigenesis  in  the  organotypic  culture  model.  Using  BrdU  pulse  labeling  (to  label  cells  in 
DNA  synthesis  phase)  or  phospho-Histone  H3  labeling  (to  mark  cells  in  mitosis), 
immunofluorescence  staining,  and  laser  confocai  microscopic  analysis  of  these  organotypic 
cultures,  we  found  that  both  the  NHBE  cells  and  the  immortalized  HccBE  cells  (three  different 
lines  tested)  preferentially  proliferate  in  the  basal  layer  of  the  culture;  however,  the  immortalized 
cells  (HCC-BE  cells)  also  showed  some  proliferation  in  the  parabasal  layers.  In  contrast,  the 
more  advanced  cells  (BEAS2B,  1799,  1198,  and  1170)  proliferated  throughout  all  cell  layers  of 
the  three  dimensional  cultures. 

In  order  to  examine  competitive  interactions  between  different  cell  populations,  we  previously 
reported  that  we  had  modified  the  lung  organotypic  culture  model  in  such  a  way  that  different 
cell  types  could  be  plated  as  distinct  colonies  on  the  same  collagen  Vl-coated  growth  filter  and 
then  allowed  to  compete  with  each  other  for  the  growth  surface.  In  order  to  distinguish  the 
different  competing  cell  populations,  we  have  stably  transfected  and  obtained  clonal  outgrowths 
of  the  different  cell  types  labeled  with  fluorescent  living  color  vectors  (containing  green 
fluorescence  protein  (GFP),  yellow  fluorescence  protein  (YFP),  red  fluorescence  protein  (RFP), 
or  cyano  fluorescence  protein  (CFP).  In  this  way,  we  can  directly  view  the  competitive 
interaction  between  different  cell  strains  in  real  time  using  fluorescence  microscopy  and  live  cell 
imaging.  At  the  completion  of  the  experiment,  we  then  would  fix  the  culture  filters  and  visualize 
the  interactions  at  higher  magnification  and  in  three  dimensional  space  using  laser  scanning 
confocai  microscopy  and  fluorescence  counterstains  for  DNA  or  other  molecular  entities. 

An  example  of  a  three  dimensional  interaction  between  two  cell  types  (NHBE  and  1170  cells)  is 
shown  in  Figure  6  where  one  XY  plane  of  interaction  is  shown  as  well  as  its  orthogonal  views 
(i.e.,  from  the  sides).  Through  these  types  of  studies,  we  observed  four  types  of  ways  that  one 
more  aggressive  cell  type  could 
preferentially  take  over  the  growth  surface 
from  a  less  aggressive  cell  type.  Figure  6 
illustrates  three  takeover  pathways  (i.e., 
under,  over,  or  through).  In  some 
interactions  between  less  advanced 
populations,  we  observed  a  generalized 
pushing  mechanism  where  the  whole 
population  wouid  move  forward  as  a  tight 
group  without  individual  cells  breaking 
away  from  the  group. 

To  first  screen  the  differential  ability  of 
different  cell  types  to  take  over  the  growth 
surface  of  the  organotypic  culture,  we 
used  multiple  small  cloning  rings  to  place 
different  cell  types  on  the  culture  filter  and 
then,  after  the  different  cell  types  had 
attached  in  a  confluent  manner,  we 
removed  the  cloning  rings  and  observed  the  cultures  as  the  cell  populations  grew  out  radially 
and  came  into  competition  with  the  other  cell  types. 

We  previously  described  the  results  of  interactions  between  NHBE  cells  and  the  SV40- 
immortalized  cell  types  BEAS2B,  1799,  1198,  and  1170  cells.  During  this  last  project  period,  we 


ORTHOGONAL  VIEWS  OF  CELL  INTERACTIONS 
USING  LASER  SCANNING  CONFOCAL  MICROSCOPY 
NOTE  LUNG  TUMOR  CELLS  (GFP)  MIGRATING  BOTH 
OVER  AND  UNDER  NHBE  CELLS 


Figure  6:  Visualization  of  modes  of  epithelial 
takeover  in  three  dimensions  by  confocai 
microscopy. 
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used  a  modified  arrangement  of  this  same  system  to  focus  on  interactions  between  NHBE  cells 
and  three  cdk4/h-TERT-  immortalized  bronchial  cell  populations  (HCC-BE1 ,  HCC-BE2,  and 
HCC-8E3)  that  had  been  derived  from  the  bronchial  biopsies  of  three  different  participants  in  a 
lung  chemoprevention  trial.  In  particular,  we  created  a  thick  wall  cloning  ring  where  we  would 
place  one  cell  type  in  the  center  and  another  cell  type  in  the  area  outside  the  cloning  ring, 
allowed  the  cells  to  become  confluent  while  separated.  We  then  lifted  the  cloning  ring  to  permit 
the  cells  to  grow,  migrate,  and  compete  with  each  other  over  time.  We  chose  this  alternative, 
radial  arrangement  so  that  we  could  easily  obtain  biologically  identical  interaction  zones  for 
subsequent  characterization  of  the  molecular  underpinnings  of  preferential  competition  for  the 
growth  surface  simply  by  cutting  pie-shaped  crescents  from  the  filter. 


An  example  of  a  time  course  for  one  such 
interaction  between  YFP-labeled  HCC-BE2  cells 
(inside)  and  unlabeled  (phase-contrast  but  pseudo¬ 
colored  red)  HCC-BE1  cells  is  shown  in  Figure  7.  In 
this  case,  after  removing  the  cloning  ring  from  the 
filter  (day  1 ),  the  two  cell  populations  grew  toward 
each  other  and  initiated  contact  (day  4),  and  then 
competed  for  the  growth  surface.  In  this  case, 

HCC-BE2  cells  appeared  to  have  a  competitive 
advantage  for  the  growth  surface  over  HCC-BE1 
cells.  The  areas  occupied  by  each  colony  were 
recorded  each  day  using  live  cell  microscopy, 
digital  imaging,  and  image  analysis  software.  At  the 
end  of  the  experiment  (usually  after  at  least  10 
days  of  interaction),  the  cultured  filters  were  pulse 
labeled  with  BrdU  (to  identify  the  cells  in  S  phase), 
fixed  in  4%  cold  buffered  paraformaldehyde, 
washed,  and  stored  for  later  mofecular  and  three- 
dimensional  characterization.  In  the  first  sets  of 
experiments,  we  observed  a  rank  order  of 
preferential  takeover  abilities  of  the  cell  types: 

HCC-BE2  >  HCC-BE3  >  HCC-BE1  >  NHBE  cells. 

Interestingly,  we  found  that  the  HCC2-YFP 
subclone  had  preferential  ability  to  take-over  its  unlabeled  HCC2  parent  population  (non-clonal). 
This  latter  finding  was  a  surprise  and  suggested  that  a  more  aggressive  subclone  had  been 
isolated  following  YFP  transfection.  This  finding  will  prove  useful  for  carrying  out  differential 
expression  analysis  to  identify  candidate  genes  that  may  underlie  the  ability  to  preferentially 
expand  in  this  organotypic  culture  model  system. 


Figure  7:  Competitive  interactions 
between  HCC-BE2  YFP  and  HCC-BE1 
(red)  cells  in  organic  culture  over 
time. 


To  verify  these  observations  and  to  obtain  a  better  view  of  the  dynamics  of  the  interactions,  we 
obtained  overnight  live  cell  movies  of  various  interaction  regions  by  capturing  digital  phase  and 
fluorescent  images  with  our  inverted,  live  cell  imaging  microscope  every  20  minutes  and  then 
stitched  the  images  into  a  movie.  Figure  8  shows  example  individual  frames  (viewed  in  two 
dimensional  space)  that  occurred  over  a  period  of  750  minutes  of  one  such  competitive 
interaction  where  the  YFP  labeled  population  appeared  to  have  a  competitive  edge  for  the 
growth  surface.  We  are  now  repeating  these  experiments  to  determine  if  the  results  are 
reproducible. 
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One  problem  that  we  will  face  with  fresh 
bronchial  cell  outgrowths  {obtained  from 
biopsies  from  different  lung  sites  from 
the  same  individual  and  initiated  by  Dr. 

Koo’s  laboratory)  is  that  the  cells  will  not 
contain  living  color  markers.  Since  these 
bronchial  epithelial  cells  will  not  have 
been  immortalized  ex  vivo  and  have  a 
limited  number  of  culture  passages,  it 
would  be  difficult  to  transfect  these  ceils 
and  then  select  for  cells  that  have  been 
stably  transfected  using  antibiotic 
selection.  Also,  fresh  normal  cells  are 
known  to  have  low  transfection 
frequencies.  We  have  therefore  decided 
to  utilize  lentiviral  infection  technologies 
to  generate  bronchial  epithelial 
populations  containing  living  color  genes. 

Lentiviral  infection  strategies  have  the 
advantage  of  high  infection  rates,  and 
gene  expression  does  not  require  that  the  cell  populations  be  rapidly  proliferating.  We  are  now 
developing  separate  lentiviral  vectors  that  will  allow  us  to  label  these  bronchial  epithelial  cells 
with  GFP,  YFP,  monoRFP,  or  CFP  in  these  freshly  generated  cultures.  We  are  also  generating 
lentiviral  vectors  that  will  allow  us  to  infect  cells  with  color-tagged  genes  or  siRNAs  of  interest  to 
better  characterize  the  molecular  underpinnings  of  preferential  clonal  outgrowth. 


Figure  8.  Still  images  from  a  live  cell-imaging  movie 
following  the  competitive  interaction  between 
bronchial  epithelial  cell  strains  in  organotypic 
culture. 


Aim  3  Determine  the  mechanisms  of  genetic  instability  and  elucidate  the  signaling 
pathways  associated  with  clonal  outgrowth  of  premalignant  and  malignant 
bronchial  epithelial  cells  using  the  organotypic  model  system. 

Our  prior  studies  using  chromosome  in  situ  hybridization  to  visualize  genetic  changes  in  the 
bronchial  epithelium  of  current  and  former  smokers  suggested  that  current  tobacco  exposure 
was  associated  with  increased  levels  of  ongoing  genetic  instability  (i.e.,  chromosome 
polysomy).  Upon  smoking  cessation,  while  the  initiated  clonal  outgrowths  appeared  to  be 
maintained  over  tens  of  years,  the  levels  of  ongoing  genetic  instability  appeared  to  decrease 
gradually  during  the  first  year  following  smoking  cessation,  but,  in  some  cases,  we  observed 
evidence  for  ongoing  genetic  instability  in  the  bronchial  epithelial  cells  even  10-20  years 
following  smoking  cessation.  Since  nearly  half  of  the  newly  diagnosed  lung  cancer  cases  occur 
in  former  smokers,  we  felt  that  this  finding  suggested  that  an  ongoing  intrinsic  process  of 
genetic  instability  might  exist  in  the  lungs  of  some  former  smokers  that  drives  continued  genetic 
evolution  toward  lung  cancer  even  after  cessation  of  extrinsic  carcinogenic  exposure.  Our 
working  hypothesis  is  that  years  of  tobacco  exposure  induces  a  chronic  damage  and  wound 
healing  cycle  that  results  both  in  the  accumulation  of  genetic  alterations  in  the  epithelial  cells 
that  influences  both  chromosome  stability  mechanisms  (e.g.,  loss  of  cell  cycle  checkpoint  and 
cell  loss  mechanisms  through  loss  of  pi 6  expression,  p53  mutations,  cyclin  D1  overexpression, 
etc)  and  creates  a  poor  growth  environment  (e.g.,  altered  stromal  signals).  The  goal  of  this  aim 
was  to  utilize  the  lung  organotypic  model  to  address  this  hypothesis  in  vitro  utilizing  bronchial 
epithelial  cells  derived  from  LIFE  bronchoscopically  identified  “abnorma!"  and  “normar  regions 
of  the  lung  of  current  and  former  smokers  participating  in  the  clinical  trial  of  Project  1, 
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Update 

Previously,  we  provided  data  that  suggested  that  ongoing  genetic  instability  could  be  detected  in 
these  bronchial  epithelial  cells  and  led  to  the  development  of  subclonal  outgrowths.  We  had  also 
observed  that  while  NHBE  cells  showed  little  genetic  instability  and  subclonal  outgrowth, 
bronchial  epithelial  cells  representing  more  progressed  stages  of  lung  tumorigenesis  exhibited 
increased  levels  of  genetic  instability  and  subclonal  outgrowth.  In  the  three  dimensional 
organotypic  lung  cultures,  we  had  found  that  HCC-BE1  cells  showed  slightly  higher  levels  of 
mitotic  infidelity  (aberrant  anaphases  containing  chromosome  bridges,  lagging  chromosome 
fragments,  and  multipolar  spindle  arrangements)  than  NHBE  cells  and  that  BEAS2B  and  more 
progressed  cells  showed  significantly  higher  levels  of  genetic  instability.  Moreover,  we  found 
that  the  degree  of  genetic  instability  was  related  to  the  location  of  cell  division,  i.e.,  cells  that 
divided  at  the  basal  layer  showed  lower  levels  of  instability  than  cells  that  divided  away  from  the 
basal  layer. 

We  then  initiated  studies  to  determine  whether  these  cell  populations  exhibited  the  markings  of 
a  stress  reaction  in  association  with  the  mitotic  instability.  To  do  this,  we  immunostained  fixed 
organotypic  culture  filters  with  an  antibody  to  phosphorylated  Histone  H2AX.  This  histone  is 
described  to  be  phosphorylated  in  response  to  either  DNA  double  strand  breaks  or  chromatin 
alterations  associated  with  stalled  DNA  replication  forks.  In  agreement  with  our  mitotic 
aberration  results,  we  found  that  HCC-BE1  cells  showed  the  highest  frequency  of  cells  with  high 
levels  of  phosphorylated  H2AX  when  compared  to  HCC-BE2  and  HCC-B3  cells. 

We  also  found  that  the  cells  decorated  with  phospho-H2AX  were  preferentially  located  away 
from  the  basal  layer  (Figure  9). 


Figure  9.  Three-dimensional  spatial  location  of  bronchial  epithelial  cells 
staining  positive  (blue,  green,  orange,  and  red)  for  phospho-H2AX  in 
organotypic  cultures  of  HCC-BE1  (left),  HCC-BE2  (middle),  and  HCC-BE3 
(right)  cells. 


These  results  therefore  suggest  that  cells  that  divide  away  from  the  basal  layer  have  an 
increased  incidence  of  mitotic  instability  and  the  H2AX-phosphorylation  stress  reaction.  We  will 
continue  to  examine  the  molecular  basis  for  increased  chromosome  instability  in  cells  that  divide 
away  from  the  basal  layer  in  this  model  system. 

Another  goal  of  this  project  is  to  better  understand  the  molecular  pathways  involved  in  epithelial 
cell  outgrowth.  Since  EGFR  is  frequently  found  to  be  overexpressed  and  molecularly  altered  in 
lung  cancer  and  is  thought  to  play  a  role  in  the  regulation  of  lung  growth  and  migration,  we 
decided  to  examine  the  status  of  EGFR  expression  and  post-translational  modification  in  this 
three  dimensional,  bronchial  cell  organotypic  culture  model.  We  hypothesized  that  the  EGFR 
status  would  be  spatially  regulated  in  the  organotypic  culture  according  to  what  functions  the 
cells  were  carrying  out  in  that  region  (e.g.,  proliferating  versus  migrating).  We  decided  to 
examine  different  phosphorylated  EGFR  sites  for  two  reasons.  First,  it  is  suspected  that  different 
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sites  on  EGFR  might  be  phosphorylated  when  cells  are  carrying  out  different  functions  (e.g., 
proliferation,  migration,  etc,)  through  different  signaling  pathways.  Second,  it  is  suspected  that 
EGFR  phosphorylated  at  different  sites  may  localize  at  different  subcellufar  locations  depending 
on  the  particular  signaling/functional  pathway  being  elicited.  For  example,  phosphorylation  of 
EGFR  at  tyr1173  has  been  reported  to  create  a  SHC  docking  site  and  may  be  involved  in 
activation  of  the  MAP  kinase  signaling,  while  phosho-tyr992  is  reported  to  play  a  role  in 
activation  of  PLC-y-mediated  signaling. 

The  results  of  these  studies  are  still  preliminary  and  need  to  be  repeated.  However,  early 
studies  of  HCC-BE2  cells  migrating  radially  outward  from  a  clonal  focus  demonstrated  that  the 
cells  showing  the  highest  EGFR  levels  were  located  on  the  outside  of  the  colonies  (the  leading 
edge)  and  the  cells  showing  the  lowest  EGFR  levels  were  preferentially  located  in  the  center  of 
the  colonies  where  there  was  little  ongoing  cell  migration  or  proliferation  (Figure  10). 
Interestingly,  cells  showing  the  tyrl  1 73  phosphorylated  form  of  EGFR  were  also  preferentially 
found  on  the  outer  regions  of  the  colonies,  and  cells  showing  an  elongated  cellular  appearance 
(typical  of  a  cell  undergoing  active  migration)  showed  nuclear  location  of  this  phosphorylated 
EGFR  form.  Cells  labeled  for  the  tyr992  phosphorylated  EGFR  site  also  showed  stronger 
staining  in  cells  near  the  outer  edge  of  the  colony,  however  the  subcellular  pattern  was 
cytoplasmic  and  speckled  in  appearance.  These  studies  might  suggest  that  different 
phosphorylated  forms  of  EGFR  might  be  involved  in  different  cellular  functions.  We  have 
initiated  similar  EGFR  staining  studies  in  the  organotypic  cultures;  however  the  studies  need  to 
be  repeated  prior  to  reporting. 


Total  EGFR  PhoephO  tyr-1175  EGFR  Phospho  tyr-992  EGFR 


Figure  10.  Spatial 
patterns  of  EGFR 
staining  in  HCC-8E 
cells  in  radially 
outgrowing  cell 
colonies. 


Aim  4  Characterize  the  impact  of  chemopreventive  and/or  chemotherapeutic  agents  on 
early  lung  tumorigenesis  events  in  reconstructed  bronchial  epithelium  and  in  the 
bronchial  biopsies  of  subjects  entered  onto  the  clinical  trials  in  Project  1. 

The  goal  of  the  first  three  specific  aims  of  this  project  is  essentially  to  develop  and  utilize  the 
lung  organotypic  culture  model  to  identify  the  factors  that  control  ongoing  clonal  expansion  and 
genetic  instability  in  the  lungs  of  current  and  former  smokers.  The  goal  of  the  fourth  specific  aim 
is  to  integrate  the  information  garnered  from  the  first  three  specific  aims  to  identify  targeted 
strategies  to  slow  preferential  outgrowth  of  more  advanced  bronchial  epithelial  cells  and  to 
decrease  the  levels  of  ongoing  genetic  instability.  We  also  proposed  to  determine  whether 
treatment  of  these  organotypic  cultures  with  the  chemopreventive  agents  used  in  the  clinical  trial 
of  Project  1  would  slow  these  aberrant  properties  in  vitro  and  whether  results  obtained  in  the 
organotypic  culture  model  reflected  the  observations  seen  in  the  lungs  of  the  participants  in  the 
clinical  trial. 
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Update 

Due  to  the  delays  in  acquiring  the  fluorescence  bronchoscopy  apparatus  and  accrual  of  subjects 
with  fluorescence  abnormalities  in  their  bronchial  epithelium,  this  aim  remains  to  be  done. 
However,  with  our  recent  development  of  lentiviral  vectors  to  differential iy  mark  (i.e,,  induce  live 
cell  fluorescence)  primary  bronchial  epithelial  cultures  from  different  biopsy  sites,  we  are 
prepared  to  carry  out  the  proposed  studies  efficiently. 

Key  Research  Accomplishments 

•  Collected  high  quality  RNA  from  brushings  and  isolated  bronchial  epithelial  cells  from 
biopsies  of  LIFE  normal  and  LIFE  abnormal.  Successfully  set  up  culture  to  reconstitute 
bronchial  epithelium  in  these  specimens. 

•  Demonstrated  that  our  organotypically  cultured  bronchial  epithelial  cells  isolated  from 
biopsies  of  LIFE  normal  and  LIFE  abnormal  bronchial  epithelium  reflects  expression 
profile  of  bronchial  epithelial  cells  in  vivo,  which  provided  a  useful  model  for  our  future 
work  using  cultured  bronchial  epithelial  cells. 

•  Demonstrated  that  LIFE  normal  and  LIFE  abnormal  bronchial  epithelial  cells  had 
differences  at  the  molecular  level,  although  they  didn’t  show  obvious  morphological 
differences  in  histologic  evaluation  of  cultures,  which  might  reflect  the  gene  expression 
difference  in  the  early  stage  of  tumorigenesis. 

•  Demonstrated  that  LIFE  abnormal  epithelial  cells  appear  to  have  higher  aggressive 
tendency  than  LIFE  normal  cells.  The  genes  responsible  for  this  character  might  play  an 
important  role  in  lung  tumorigenesis  and  tumor  development. 

•  Demonstrated  that  chromosome  instability  in  bronchial  epithelial  cells  occurred  in  cells 
proliferating  away  from  the  basal  layer  and  was  associated  with  a  stress  response  in  the 
cells  associated  with  phosphorylation  of  Histone  H2AX, 

•  Demonstrated  that  immortalized  HBECs  derived  from  different  individuals  show 
differential  takeover  ability  when  placed  in  competition  with  normal  bronchial  epithelial 
cells  and  with  each  other. 

•  Demonstrated  that  EGFR  expression  and  phosphorylation  patterns  may  be  spatially 
regulated  in  two-dimensional  and  three-dimensional  culture  conditions,  perhaps 
reflective  of  specific  cellular  processes  including  proliferation  and  migration. 

Conclusions  and  Future  Studies 

We  have  improved  our  ability  to  reconstruct  bronchial  epithelium  in  vitro  by  culturing  bronchial 
epithelial  cells  isolated  from  biopsies  of  LIFE  normal  and  LIFE  abnormal  areas.  The  in  vitro 
cultured  bronchial  epithelial  cells  properly  reflect  expression  profile  of  bronchia!  epithelial  cells  in 
vivo.  The  cultured  bronchial  epithelial  cells  derived  from  LIFE  abnormal  areas  shows  higher 
invasive  tendency  than  those  from  LIFE  normal  areas  and  we  are  studying  the  molecular 
mechanism  to  better  understand  lung  tumorigenesis  in  premalignant  bronchial  epithelial  cells. 
Also,  we  have  been  studying  the  molecular  mechanisms  underlying  the  preferential  takeover 
advantage  of  one  bronchial  epithelial  cell  strain  over  another  strain. 

We  will  continue  to  process  and  analyze  the  expression  patters  of  brushing  and  biopsies  of 
patients  on  our  clinical  trial  that  meet  the  eligibility  criteria  for  LIFE  bronchoscopy  and  to  create 
the  organotypic  ceil  cultures  from  the  biopsies  for  this  purpose  as  well.  Further  evaluation  of  the 
invasiveness  of  abnormal  and  normal  LIFE  bronchial  epithelial  cells  is  also  needed  and  will 
continue.  We  will  complete  the  lentiviral  vector  development  or  siRNA  development  as  needed 
for  completion  of  this  project.  We  will  continue  investigation  of  the  molecular  basis  for  increased 
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chromosomal  instability  and  of  EGFR  phosphorylation  status  and  spatial  patterns.  Finally,  we 
will  complete  Aim  4  studies  as  soon  as  the  samples  and  results  are  available. 


Project  4:  Modulation  of  Death  Receptor-Mediated  Apoptosis  for  Chemoprevention 

(Project  Leader  and  co-leader:  Shi-Yong  Sun,  Ph.D.;  Fadlo  R.  Khuri,  M.D.) 

The  objective  is  to  understand  the  role  of  death  receptor  (DRJ-mediated  apoptotic  pathways  in 
lung  carcinogenesis,  cancer  prevention,  and  therapy  in  order  to  develop  mechanism-driven 
combination  regimens  by  modulating  DR-mediated  apoptosis  for  chemoprevention  and  therapy 
of  lung  cancer. 

Aim  1  To  determine  whether  decoy  receptor  (DcR)  and  tumor  necrosis  factor-related 
apoptosis-inducing  ligand  (TRAIL)  expression  are  reduced  or  lost  while  DR 
remains  largely  expressed  and  whether  procaspase-8  and  FLIP  expression  and 
Akt  activity  are  increased  during  lung  carcinogenesis. 


Update 

As  reported  last  time,  we  planned  to  examine  the  expression  of  the  proposed  proteins, 
particularly  death  receptor  5  (DR5),  DR4,  caspase-8,  c-FLIP  and  p-Akt,  in  normal  lung  tissue, 
primary  and  metastatic  lung  cancer  tissues  using  immunohistochemistry  (IHC),  but  we  met 
some  difficulty  in  obtaining  premalignant  lung  cancer  tissues.  We  thus  purchased  commercial 
tissue  microarrays  (TMAs;  Accurate  Chemical  &  Scientific  Corp,  Westbury,  NY)  that  contain 
these  tissues  and  re-optimized  the  staining  conditions  of  these  proteins  in  TMAs,  finding  that 
DakoCytomation  EnVision+Dual  Link  System-HRP  (DAB+  (Dako,  Carpinteria,  CA)  substantially 
enhances  the  signals  and  quality  of  the  IHC.  We  now  have  optimal  conditions  for  staining 
caspase-8,  DR5,  DR4,  c-FLIP  and  p-Akt.  in  the  coming  year,  we  will  focus  on  staining  the 
proposed  proteins  in  human  lung  tissues,  including  lung  cancer  tissue. 

Aim  2  To  establish  TRAIL-resistant  cell  lines  from  a  TRAIL-sensitive  lung  cancer  ceil 
line  and  determine  whether  levels  of  DcRs,  DRs,  procaspase-8,  TRAIL  and  FLIPs 
and  Akt  activity  are  altered  and  are  associated  with  cell  resistance  to  TRAIL  and 
DR-inducing  agents. 


Update 

As  reported  last  year,  the  TRAIL-resistant  lung  cancer  cell  lines  did  not  exhibit  cross-resistance 
to  some  DR-inducing  agents  such  as  celecoxib,  PS-341,  CDDO-Me,  PPARy  ligands,  and  FTIs 
(SCH66336  and  R1 15777).  Since  then,  we  investigated  whether  these  agents  modulate  the 
death  receptor-mediated  apoptotic  pathways  and  if  yes,  whether  and  how  the  modulations 
impact  cell  apoptosis.  The  findings  are  summarized  below. 

1)  Modulation  of  DR5  and  c-FLIP  expression  and  enhancement  of  TRAIL-induced 
apoptosis  by  celecoxib  and  its  derivative  dimethyl  celecoxib  (DMC) 

Our  previous  work  demonstrates  that  celecoxib  induces  DR5  expression,  resulting  in  induction 
of  apoptosis  and  enhancement  of  TRAIL-induced  apoptosis  in  human  lung  cancer  cells  (Liu  et 
at.,  2005).  Recently,  we  found  that  celecoxib  downregulated  the  expression  of  c-FLIP,  a  major 
negative  regulator  of  the  death  receptor-mediated  extrinsic  apoptotic  pathway,  through  an 
ubiquitin/proteasome-dependent  mechanism  independent  of  COX-2  in  human  lung  cancer  cells. 
Overexpression  of  c-FLIP,  particularly  FLIPL,  inhibited  not  only  celecoxib-induced  apoptosis,  but 
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also  apoptosis  induced  by  the  combination  of  celecoxib  and  TRAIL.  These  results  thus  indicate 
that  c-FLIP  down  regulation  also  contributes  to  celecoxib-induced  apoptosis  and  enhancement 
of  TRAIL-induced  apoptosis,  which  complement  our  previous  finding  that  the  extrinsic  apoptotic 
pathway  plays  a  critical  role  in  celecoxib-induced  apoptosis  in  human  lung  cancer  cells. 
Collectively,  we  conclude  that  celecoxib  induces  apoptosis  in  human  lung  cancer  cells  through 
activation  of  the  extrinsic  apoptotic  pathway,  primarily  by  induction  of  DR5  and  downregulation 
of  c-FLIP.  The  detailed  findings  can  be  reviewed  in  the  article  published  in  Cancer  Research 
(Liu  et  a!.,  2006)  as  attached  in  the  Appendix  2. 

Celecoxib  exhibits  anticancer  activity  in  both  preclinical  studies  and  clinical  practice.  However, 
celecoxib  has  relatively  weak  apoptosis-inducing  activity  and  modest  cancer  therapeutic 
efficacy.  Therefore,  efforts  have  been  made  to  develop  derivatives  of  celecoxib  with  superior 
anticancer  activity.  Dimethyl-celecoxib  (DMC)  is  just  such  a  derivative  that  lacks  COX-2- 
inhibitory  activity,  but  demonstrates  better  apoptosis-inducing  activity  than  celecoxib  albeit  with 
undefined  mechanisms  in  vitro  and  exhibits  anticancer  activity  in  animal  models.  In  this  study, 
we  examined  the  effects  of  DMC  on  the  growth  of  human  lung  cancer  cells  as  well  as  its 
cooperative  effect  with  TRAIL  on  induction  of  apoptosis  and  the  underlying  mechanisms.  By 
comparing  the  effects  of  DMC  and  celecoxib  on  the  growth  of  a  group  of  human  lung  cancer  cell 
lines,  we  found  that  DMC  decreased  cell  survival  with  ICjoS  ranging  from  10  pM  to  20  pM, 
whereas  celecoxib  did  so  with  IC50S  ranging  between  20  and  30  pM,  indicating  that  DMC  is 
slightly  more  effective  than  celecoxib  in  decreasing  the  survival  of  lung  cancer  cells.  When  cells 
were  treated  with  the  combination  of  DMC  and  TRAIL,  enhanced  or  synergistic  effects  in 
reduction  of  cell  survival  and  induction  of  apoptosis  including  activation  of  caspases  were 
observed  in  comparison  with  the  effects  in  cells  exposed  to  each  agent  alone.  To  understand 
the  mechanisms  underlying  this  synergy,  we  also  analyzed  the  effects  of  DMC  on  modulation  of 
several  apoptosis-related  genes.  We  found  that  DMC  rapidly  increased  DR5  levels  and  reduced 
c-FLIP  (both  FLIPl  and  FLIPS)  levels  starting  from  2  h  post  treatment  while  having  limited  effects 
on  modulating  the  levels  of  other  proteins  including  DR4,  Bcl2,  Bcl-XL  and  Bax.  Importantly, 
enforced  expression  of  FLIPLor  silencing  of  DR5  expression  using  DR5  small  interfering  RNA 
(siRNA)  partially  abrogated  the  enhanced  effects  on  induction  of  apoptosis  by  the  combination 
of  DMC  and  TRAIL,  indicating  that  both  DR5  upregulation  and  c-FLIP  reduction  contribute  to 
cooperative  induction  of  apoptosis  by  the  combination  of  DMC  and  TRAIL.  Collectively,  we 
conclude  that  DMC  sensitizes  TRAiL-induced  apoptosis  in  human  lung  cancer  cells  via 
induction  of  DR5  and  downregulation  of  c-FLIP,  An  abstract  of  the  work  was  submitted  to  the 
2007  AACR  meeting  (Chen  et  al.,  2007  AACR)  as  attached  in  the  Appendix  2.  A  manuscript  is 
in  preparation. 

2)  The  proteasome  inhibitor  PS-341  (Bortezomib)  upregulates  death  receptor  5 
expression,  leading  to  induction  of  apoptosis  and  enhancement  of  TRAiL-induced 
apoptosis  despite  increased  c-FLIP  and  survivin  in  human  lung  cancer  cells 

The  proteasome  inhibitor  PS-341  (Bortezomib  or  Velcade),  an  approved  drug  for  treatment  of 
patients  with  multiple  myeloma,  is  currently  being  tested  in  clinical  trials  against  various 
malignancies  including  lung  cancer,  Preclinical  studies  have  demonstrated  that  PS-341  induces 
apoptosis  and  enhances  TRAiL-induced  apoptosis  in  human  cancer  cells  with  undefined 
mechanisms.  In  the  present  study,  we  found  that  PS-341  increased  cleavage  of  caspase-8  and 
apoptosis.  Prevention  of  caspase-8  activation  by  silencing  caspase-8  expression  using 
caspase-8  small  interfering  RNA  (siRNA)  abrogated  PS-341 -induced  apoptosis.  These  results 
indicate  that  PS-341  induces  caspase-8-dependent  apoptosis.  PS-341  induced  the  expression 
of  death  receptor  5  (DR5)  and  demonstrated  cooperativity  with  TRAIL  to  induce  apoptosis  in 
human  lung  cancer  cells.  Importantly,  DR5  induction  by  PS-341  correlated  with  the  ability  of  PS- 
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341  to  induce  apoptosis,  whereas  blockage  of  PS-341 -induced  DR5  upregulation  using  DR5 
siRNA  rendered  cells  less  sensitive  to  apoptosis  induced  by  either  PS-341  or  its  combination 
with  TRAIL.  These  results  demonstrate  that  DR5  upregulation  mediates  PS-341-induced 
apoptosis  and  enhancement  of  TRAIL-induced  apoptosis  in  human  lung  cancer  cells. 
Meanwhile,  we  exclude  the  involvement  of  c-FLIP  and  survivin  in  mediating  these  events 
because  c-FLIP  (i.e.,  FLIPs)  and  survivin  protein  levels  were  actually  elevated  upon  exposure  to 
PS-341.  Reduction  of  c-FLIP  with  c-FLIP  siRNA  sensitized  cells  to  PS-341-induced  apoptosis, 
suggesting  that  c-FLIP  elevation  protects  cells  from  PS-341 -induced  apoptosis.  Thus,  the  study 
highlights  the  important  role  of  DR5  upregulation  in  PS-341 -induced  apoptosis  and 
enhancement  of  TRAIL-induced  apoptosis,  An  abstract  was  submitted  to  the  2007  AACR 
meeting  (Liu  et  al.,  2007  AACR)  (Appendix  2).  A  manuscript  is  under  peer  review  in  Cancer 
Research  (Liu  et  al.,  2006). 

3)  c-Jun  N-terminal  kinase  (JNK)-independent  c-FLIP  downregulation  contributes  to 
induction  of  apoptosis  by  the  novel  synthetic  triterpenoid  methyl-2-cyano-3,  12- 
dioxooleana-1,  9-dien-28-oate  (CDDO-Me)  in  human  lung  cancer  ceils 

The  novel  synthetic  triterpenoid  methyl-2-cya no-3,  12-dioxooleana-l,  9-dien-28-oate  (CDDO- 
Me)  induces  apoptosis  of  cancer  cells,  enhances  TRAIL-induced  apoptosis,  and  exhibits  potent 
anticancer  activity  in  animal  models  with  a  favorable  pharmacokinetic  profile.  Thus,  CDDO-Me 
is  being  tested  in  Phase  I  clinical  trials.  In  an  effort  to  understand  the  mechanism  by  which 
CDDO-Me  induces  apoptosis,  particularly  in  human  lung  cancer  cells,  we  demonstrated  that 
CDDO-Me  induced  apoptosis  in  human  lung  cancer  cells  involving  c-Jun  N-terminal  kinase 
(JNK)-dependent  upregulation  of  death  receptor  5  (DR5)  expression.  In  the  current  work,  we 
further  show  that  CDDO-Me  downregulates  the  level  of  c-FLIP,  a  major  inhibitor  of  death 
receptor-mediated  caspase-8  activation,  which  contributes  to  induction  of  apoptosis  by  CDDO- 
Me  in  human  lung  cancer  cells.  CDDO-Me  rapidly  and  potently  decreased  c-FLIP  levels 
including  both  long  (FLIPl)  and  short  {FLIPS}  forms  of  c-FLIP  in  multiple  human  lung  cancer  cell 
lines.  The  presence  of  the  proteasome  inhibitor  MG  132,  but  not  the  JNK  inhibitor  SP600125  or 
JNK  siRNA,  prevented  CDDO-Me-induced  c-FLIP  reduction.  Thus,  CDDO-Me  induces 
proteasome-dependent  c-FLIP  degradation  independently  of  JNK  activation.  Importantly, 
overexpression  of  c-FLIP  (e.g.,  FLIPl)  in  both  A549  and  HI 57  cell  lines  protected  cells  from 
CDDO-Me-induced  apoptosis,  indicating  that  c-FLIP  downregulation  is  involved  in  CDDO-Me- 
initiated  apoptosis.  Given  our  previous  finding  that  CDDO-Me  induces  apoptosis  involving  DR5 
upregulation,  we  coilectively  conclude  that  the  activation  of  the  extrinsic  apoptotic  pathway  via 
DR5  induction  and  c-FLIP  downregulation  plays  a  pivotal  role  in  CDDO-Me-induced  apoptosis  in 
human  lung  cancer  cells.  An  abstract  of  this  work  was  submitted  to  the  2007  AACR  meeting 
(Zou  et  al.,  2007  AACR)  (Appendix  2). 

4)  PPARy  ligands  enhance  TRAIL-induced  apoptosis  through  DR5  upregulation  and 
cFLIP  downregulation  in  human  lung  cancer  cells 

Peroxisome  prol iterator-activated  receptor  y  {PPARy)  ligands  are  potential  chemopreventive 
agents.  Many  studies  have  shown  that  PPARy  ligands  induce  apoptosis  in  various  types  of 
cancer  cells  including  lung  cancer  cells.  Some  PPARy  ligands  have  been  shown  to 
downregulate  c-FLIP  expression  and  thus  enhance  TRAIL-induced  apoptosis  in  some  cancer 
cell  lines.  In  the  current  study,  we  further  showed  that  PPARy  ligands  induced  the  expression  of 
DR5  and  increased  DR5  distribution  at  the  cell  surface  in  addition  to  reducing  c-FLIP  levels  in 
human  lung  cancer  cells.  These  agents  demonstrated  cooperativity  with  TRAIL  to  enhance 
induction  of  apoptosis  in  human  lung  cancer  cells.  Both  overexpression  of  c-FLIP  and 
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knockdown  of  DR5  abrogated  PPARy  ligand's  ability  to  enhance  TRAIL-induced  apoptosis. 
Thus,  it  appears  that  not  only  c-FLIP  downregulation  but  also  DR5  upregulation  contribute  to 
PPARy  ligand-mediated  enhancement  of  TRAIL-induced  apoptosis  in  human  lung  cancer  cells. 
Both  the  PPARy  antagonist  GW9662  and  silencing  PPARy  expression  failed  to  diminish  PPARy 
iigand-induced  DR5  upregulation  or  c-FLIP  downregulation,  indicating  that  PPARy  ligands 
modulate  the  expression  of  DR5  and  c-FLIP  through  a  PPARy-independent  mechanism. 
Collectively,  we  conclude  that  PPARy  ligands  exert  PPARy  -independent  effects  on  inducing 
DR5  expression  and  downregulating  c-FLIP  levels,  leading  to  enhancement  of  TRAIL-induced 
apoptosis.  For  more  detail,  please  review  the  manuscript  accepted  in  Cancer  Biology  and 
Therapy  (Zou  et  at.,  2006)  as  attached  in  Appendix  2. 

5)  Farnesyltransferase  inhibitors  (FTIs)  induce  apoptosis  via  CHOP/GADDI  53-dependent 
upregulation  of  death  receptor  5  expression  in  human  lung  cancer  cells 

In  an  effort  to  explore  their  mechanisms  of  action,  we  demonstrated  that  the  FTIs  (SCH66336 
and  R1 15777)  induced  DR5  expression,  including  the  cell  surface  DR5  level,  which  contributes 
to  FTI-induced  apoptosis  in  human  lung  cancer  cells.  Moreover,  SCH66336  induces 
CHOP/GADDI 53  expression,  leading  to  an  increase  in  DR5  transactivation  and  expression. 
Therefore,  we  conclude  that  FTIs  induce  DR5  expression  through  a  CHOP/GADDI  53- 
dependent  mechanism,  contributing  to  induction  of  apoptosis  in  human  lung  cancer  cells.  In 
addition,  the  combination  of  an  FTI  with  TRAIL  exerts  synergistic  effects  on  induction  of 
apoptosis  in  human  lung  cancer  ceils.  Our  new  findings  reveal  a  novel  mechanism  by  which 
FTIs  induce  apoptosis  and  suggest  a  novel  therapeutic  strategy  for  enhancing  the  efficacy  of 
FTIs  in  combination  of  TRAIL.  In  addition,  we  recommend  monitoring  the  modulation  of 
CHOP/GADDI 53  and  DR5  expression  in  FTI-based  lung  cancer  therapy.  These  findings  were 
summarized  in  two  manuscripts  and  are  under  peer  review  in  Molecular  &  Cellular  Biology  (Sun 
et  al„  2006)  and  Cancer  Research  (Qiu  et  at.,  2006)  respectively. 

In  summary,  some  small  molecules  indeed  modulate  the  death  receptor-mediated  apoptotic 
pathway,  which  even  participated  in  apoptosis  induced  by  these  molecules.  However,  cells 
resistant  to  TRAIL  are  still  sensitive  to  these  small  molecules.  Taken  together,  we  suggest  that 
DR-inducing  agents  induce  apoptosis  through  different  mechanisms  in  addition  to  modulation  of 
the  death  receptor-  mediated  apoptotic  pathway. 


Aim  3  To  determine  whether  suppression  of  PI3K/Akt  activity  sensitizes  premaiignant 
and/or  malignant  airway  epithelial  cells  to  apoptosis  induced  by  DR-induced 
agents  via  enhancement  of  TRAIL/D R-mediated  mechanism. 


Update 

1)  Modulation  of  p-Akt  and  COX-2  by  celecoxib  and  its  derivative  dimethyl-celecoxib 
(DMC) 

In  the  fast  report,  we  presented  that  celecoxib  increased  p-Akt  levels  in  some  lung  cancer  cell 
lines.  We  then  examined  the  effects  of  the  celecoxib  derivative,  DMC  that  lacks  COX-2 
inhibitory  activity,  on  Akt  phosphorylation.  We  found  that  DMC  also  increased  p-Akt  levels  in  a 
time  dependent  fashion  while  inducing  DR5  and  down-regulating  c-FLIP  levels  in  some  lung 
cancer  ceils  (Figure  11  A).  The  increase  in  p-Akt  levels  occurred  at  2  h,  reached  a  peak  at  4  h 
and  then  declined  to  basal  levels  at  16  h  post  DMC  treatment.  Thus,  it  appears  that  the  increase 
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of  Akt  phosphorylation  is  an  early  event  induced  by  DMC.  Similar  to  celecoxib,  DMC  increased 
only  in  some  of  the  tested  lung  cancer  cell  lines  (Figure  11 B).  Given  that  DMC  exerted  two 
phases  of  modulation  of  c-FLIP  expression  including  the  early  reduction  of  c-FLIP  levels  (2-8  h) 
followed  by  late  increase  of  FUPL  levels  (after  12  h)  in  H460  cells,  we  questioned  whether  the 
late  FLIPl  upregulation  by  DMC  in  H460  cells  is  due  to  Akt  activation  because  Akt  positively 
regulates  c-FLIP  expression.  Although  the  PI3K  inhibitor  LY294002  alone  decreased  c-FLIP 
levels  and  abolished  DMC-induced  Akt  phosphorylation,  it  failed  to  prevent  DMC-induced 
increase  in  FLIPl  expression  (Figure  1 1 C).  Thus,  we  conclude  that  the  increase  in  Akt 
phosphorylation  is  not  responsible  for  DMC-induced  late  upregulation  of  FLIPl  expression. 
However,  in  HI 57  cells,  the  combination  of  DMC  and  LY2940Q2  enhanced  the  reduction  of  c- 
FLIP  (Figure  1 1 C).  It  appears  that  prevention  of  Akt  phosphorylation  with  LY294002  exerts  a 
cell  line-dependent  effect  on  DMC-induced  modulation  of  c-FLIP  in  human  lung  cancer  cell. 
Future  work  will  clarify  the  issue. 
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Figure  11*  Modulation  of  PR5,  c-FLIP  and  Akt  phosphorylation  by  DMC  in  human  lung  cancer  cells*  A 

The  indicated  cell  lines  were  treated  with  and  without  25  uM  DMC  for  the  given  times;  Bh  The  given  ceil  lines 
were  treated  with  indicated  concentrations  of  DMC  or  celecoxib  (CCB)  for  8  h;  and  C,  The  indicated  cell  lines 
were  treated  with  the  indicated  concentrations  of  DMC,  LY294002  or  their  combinations  for  8  h  (HI  57)  or  14  h 
(H460).  After  the  aforementioned  treatments,  the  cells  were  subjected  to  preparation  of  whole-cell  protein 
lysates  and  subsequent  Western  blot  analysis  for  the  indicated  proteins. 


Another  surprising  finding  was  that  both  celecoxib  and  DMC  increased  COX-2  expression  at 
concentrations  that  induce  apoptosis.  DMC  or  celecoxib  induced  DR5  expression 
accompanying  COX-2  induction  (Figure  12}.  The  biological  role  of  COX-2  induction  during 
DMC-  or  celecoxib-induced  apoptosis  is  currently  unclear.  Given  recent  findings  that  COX -2  can 
function  as  a  proapoptotic  protein,  we  will  further  pursue  the  implication  of  COX-2  induction  in 
DMC-  or  celecoxib-induced  apoptosis  with  resources  including  antisense  COX-2  cell  lines  and 
lenti viral  COX-2  siRNAs  in  hand. 
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Figure  12.  Induction  of  COX-2  and  OR5  expression  by  DMC  and  celecoxib  (CCB)  in 
human  lung  cancer  cells.  A,  The  given  cell  lines  were  treated  with  indicated  concentrations  of 
DMC  or  celecoxib  (CCB)  for  8  h;  and  A,  The  indicated  cell  lines  were  treated  with  and  without  25 
nM  DMC  for  the  given  times.  After  the  aforementioned  treatments,  the  cells  were  subjected  to 
oreoaration  of  whole-cell  orotein  Ivsates  and  subseouent  Western  blot  analvsis  for  the  indicated 


Aim  4  To  determine  whether  DRs,  DcRs,  c-FLIP,  and  procaspase*8  serve  as  biomarkers 
for  lung  cancer  chemoprevention  and  therapy. 

Conditions  have  already  been  optimized  and  we  will  begin  Aim  4  in  the  coming  year  once  we 
receive  the  tissue  samples  obtained  through  Project  1  and  Pathology  Core. 

Key  Research  Accomplishments 

•  Determined  that  several  groups  of  compounds  with  cancer  therapeutic  potential 
including  celecoxib  and  its  derivative,  DMC,  proteasome  inhibitors,  triterpenoids,  PPARy 
ligands,  and  FTIs,  modulated  DRS  expression  and/or  c-FLIP  levels  (predominantly  by 
downregulation),  contributing  to  the  induction  of  apoptosis  and/or  enhancement  of 
TRAIL-induced  apoptosis. 

•  Determined  that  celecoxib  and  DMC  increased  p-Akt  levels  in  a  time-dependent  fashion 
while  inducing  DRS  and  downregulating  cFLIP  in  some  lung  cancer  cell  lines  but  not  ail 
and  that  LY294002  blocks  this  phosphorylation  in  a  cell-dependent  effect. 

•  Found  that  CHOP/GAD153  mediated  FTI  (SCH66336)-induced  DRS  expression. 

Conclusions  and  Future  Plans 

Appropriate  modulation  of  the  extrinsic  death  receptor-mediated  apoptotic  pathway  such  as 
upregulation  of  DR5  and/or  reduction  of  c-FLIP  levels  by  small  molecules  (e.g.,  celecoxib, 
lonafarnib,  bortezomib)  may  eliminate  premalignant  or  malignant  lung  epithelial  cells  via 
promoting  apoptotic  cell  death  to  achieve  cancer  chemopreventive  and  therapeutic  goals. 
Moreover,  the  potential  of  the  modulation  of  DRS  and  c-FLIP  as  predictive  biomarkers  for 
certain  drugs  in  the  clinic  warrants  further  investigation.  We  will  continue  to  study  the  role  of  Akt 
phosphorylation  and  the  implication  of  COX-2  induction  in  DMC-  or  ceiecoxib-induced  apoptosis 
using  antisense  COX-2  cell  lines  and  lentiviral  COX-2  siRNAs  in  hand.  Finally,  when  samples 
are  available,  we  will  determine  whether  DRs,  DcRs,  c-FLIP,  and  procaspase-8  can  serve  as 
biomarkers  for  lung  cancer  chemoprevention  and  therapy. 
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Project  5:  Molecular  Strategies  Targeting  the  AKT  Signaling  Pathway  for  Lung  Cancer 
Chemoprevention  and  Therapy 

(PI  and  co-PI:  Ho-Young  Lee,  Ph,D.,  Edward  S.  Kim,  M.D.) 

Our  gaol  is  to  find  novel  chemopreventive/therapeutic  agents  that  can  prevent  lung 
carcinogenesis  effectively.  Results  from  our  work  and  others'  have  demonstrated  that  Akt,  which 
has  a  clear  role  in  cellular  survival  and  transformation,  is  constitutive ly  active  in  premalignant 
and  malignant  HBE  cells  and  in  NSCLC  cell  lines.  These  findings  suggest  an  importance  of 
PI3K/Akt  signaling  pathway  in  lung  carcinogenesis.  The  purpose  of  our  project  is  to  determine 
whether  activation  of  Akt  induces  malignant  transformation  of  HBE  cells  and  to  develop  novel 
agents  to  inhibit  Akt  activity  as  a  strategy  of  preventing  lung  carcinogenesis. 

For  the  past  3  years,  we  have  focused  on  the  work  proposed  in  the  first  part  of  Aim  1  and  Aim  2. 

Aim  1  Develop  a  retroviral  vector  expressing  constitutive! y  active  Akt  and 

characterize  the  in  vitro  and  in  vivo  effects  of  Akt  activation  on  the  malignant 
transformation  of  HBE  cells. 


Update 

As  we  reported  last  year,  we  finished  constructing  retroviral  vectors  expressing  constitutively 
active  cr  dominant  negative  Akt  1,  2,  or  3.  The  Akt  constructs  were  confirmed  by  sequencing 
and  western  blot  analysis.  Viral  titers  have  been  determined  by  the  colony  formation  analysis. 
We  have  been  analyzing  the  roles  of  Akt  1,  2  or  3  in  the  survival  of  HBE  cells  under  stress 
conditions  (UV,  growth  factor  withdrawal,  cigarette  carcinogens).  We  are  planning  animal 
experiments  to  investigate  the  impact  of  Akt  1,  2,  or  3  in  lung  tumorigenesis, 

Aim  2  Evaluate  the  ability  of  chemopreventive  agents  used  in  VITAL  trials  alone  and  in 
combination  to  inhibit  Akt  activity  and  induce  apoptosis  in  transformed  human 
bronchial  epithelial  cells  (HBE)  and  NSCLC  cell  lines. 

Last  year,  we  reported  the  results  of  the  studies  to  test  the  potential  of  Akt  as  a  target  for 
chemopreventive  and  therapeutic  strategies  in  NSCLC  by  using  IGFBP-3,  a  major  IGF-binding 
protein,  FTI  (Lee  et  al.,  2004),  and  deguelin,  a  natural  product  that  inhibits  Akt  activation  in  HBE 
cells  and  NSCLC  cells  (Lee  et  al.,  2005).  We  found  that  overexpression  of  a  constitutively  active 
Akt  rescued  the  H460  celts  from  apoptosis  induced  by  single  or  combined  treatment  of  Ad- 
IGFBP3  and  a  farnesyitransferase  inhibitor  SCH66336,  In  HI  299  tumor  xenografts,  Ad-IGFBP3 
and  SCH66336  were  associated  with  decreased  tumor  volume,  increased  apoptosis,  and 
decreased  Akt  levels.  We  also  found  that  deguelin  suppressed  Akt  activation  in  vivo,  and 
statistically  significantly  reduced  NNK/BaP-induced  lung  tumor  multiplicity,  volume,  and  load  in 
transgenic  mice  in  which  Akt  expression  was  induced  by  tamoxifen  and  in  4- 
(methyinitrosoamino)-1-(3-pyridyl)-1-butanone  (NNK)/benzo(a)pyrene  (BaP)-treated  A/J  mice, 
with  no  detectable  toxicity,  in  addition,  we  presented  some  preliminary  results  of  the  effects  of 
erlotinib,  gefitinib,  FTI  (SCH66336),  and  celecoxib  on  the  proliferation  of  the  normal, 
premalignant  (1799  and  1198),  and  malignant  (11 70-1)  HBE  cells. 

Update 

This  year,  we  have  further  investigated  the  chemopreventive/therapeutic  activities  and  action 
mechanism  of  erlotinib,  gefitinib,  FTI  (SCH66336),  and  retinoids  on  NSCLC  or  head  and  neck 
squamous  cell  carcinoma  (HNSCC)  cells.  We  found  that  treatment  with  EGFR  TKI,  erlotinib, 
increased  the  levels  of  EGFR: IGF- 1R  heterodimer  localized  on  cell  membrane,  activated  IGF- 


Page  29 


Army  Award  W81WVH-04- 1-01 42;  Waun  Ki  Hong,  M.D. 

Annual  Report:  Reporting  Period  15  December  2005  - 14  December  2006 


1R  and  its  downstream  signaling  mediators,  and  stimulated  mammalian  target  of  rapamycin 
{mTOR)-media!ed  de  novo  protein  synthesis  of  EGFR  and  survivin  in  NSCLC  ceils.  Inhibition  of 
IGF-1R  activation,  suppression  of  mTOR-mediated  protein  synthesis,  or  knockdown  of  survivin 
expression  abolished  resistance  to  the  EGFR  TKIs  and  induced  apoptosis  in  NSCLC  cells  in 
vitro  and  in  vivo.  Our  data  suggest  that  enhanced  synthesis  of  survivin  protein  mediated  by  the 
IGFR/EGFR  heterodimer  counteracts  the  antitumor  action  of  the  EGFR  TKIs,  indicating  the 
need  to  integrate  IGF-IR-targeted  agents  into  the  treatment  regimens  with  EGFR  TKI  for 
patients  with  lung  cancer.  Detailed  findings  have  been  published  in  Cancer  Research  {Morgillo 
et  al.,  2006)  as  attached  in  the  Appendix-Publications.  Similar  results  were  observed  when  the 
EGFR  TKI,  gefitinib,  was  applied,  Currently,  we  are  revising  a  manuscript  of  these  new  findings 
to  be  published  in  Clinical  Cancer  Research. 

Moreover,  we  have  conducted  mechanistic  studies  for  the  FTI  SCH66336  that  shows  antitumor 
activities  in  HNSCC  in  vitro  and  in  vivo.  We  found  that  IGFBP-3  mediates  antitumor  activities  of 
SCH66336  in  HNSCC  by  inhibiting  angiogenesis.  SCH66336  significantly  suppressed  HNSCC 
tumor  growth  and  angiogenesis  via  mechanisms  that  are  independent  of  H-Ras  and  RhoB.  By 
inducing  IGFBP-3  secretion  from  HNSCC  cells,  this  compound  suppresses  angiogenic  activities 
of  endothelial  cells,  including  vessel  formation  in  chorioallantoic  membranes  of  chick, 
endothelial  cell  sprouting  from  chick  aorta,  and  capillary  tube  formation  of  human  umbilical 
vascular  endothelial  cells  (HUVEC).  Knockdown  of  IGFBP-3  expression  in  HNSCC  cells  by 
RNA  interference  or  depletion  of  IGFBP-3  in  HUVECs  by  neutralizing  antibody  effectively 
blocked  the  effects  of  IGFBP-3  secreted  from  SCH66336-treated  HNSCC  cells  on  HUVECs. 
These  findings  suggest  that  IGFBP-3  could  be  a  primary  target  for  antitumor  activities  of  FTIs 
and  that  IGFBP-3  may  be  an  effective  therapeutic  approach  against  angiogenesis  in  HNSCC. 
Detailed  results  can  be  reviewed  in  the  article  published  in  Clinical  Cancer  Research  (Oh  et  al., 
2006)  attached  in  Appendix-Publications. 

We  have  also  investigated  whether  insulin-like  growth  factor  (IGF)  axis,  which  plays  a  major  role 
in  Akt  activation,  is  involved  in  lung  cancer  chemopreventive  activities  of  retinoids,  well-known 
chemopreventive  agents.  We  evaluated  the  effects  of  the  retinoid,  9-c/s-RA,  on  IGF  axis  in 
former  smokers  and  found  that  9-c/s-RA  treatment  decreased  serum  levels  of  IGF  and 
increased  serum  levels  of  IGFBP-3  in  former  smokers.  Detailed  results  can  be  reviewed  in  the 
articles  published  in  Journal  of  Clinical  Oncology  ( Lee  H-Y  et  al.,  2005)  attached  in  Appendix- 
Publications.  As  reported  last  year,  we  also  studied  the  influence  of  9-c/s-RA  on  a-tocopherol, 
an  antioxidant,  which  has  shown  to  reverse  the  high  gfucose-induced  resistance  to  the 
mitogenic  activities  of  IGF-1,  and  found  increased  serum  levels  of  a-tocopherol  in  former 
smokers  treated  with  9-c/s-RA  (Han  J-Y  et  al,,  2005).  Taken  together,  our  findings  suggest  that 
the  IGF  axis  is  a  potential  target  for  the  chemopreventive  activities  of  9-c/s-RA  and  that  the 
serum  concentrations  of  IGF,  IGFBP-3,  and  IGF-1/IGFBP-3  could  serve  as  surrogate  endpoint 
biomarkers  of  9-c/s-RA  treatment. 

In  the  coming  year,  we  will  continue  to  test  the  chemopreventive/therapeutic  activities  of  EGFR 
inhibitors  (eriotinib  and  gefitinib)  alone  or  in  combination  with  an  Akt  inhibitor. 

Aim  3  Determine  whether  Akt  is  activated  in  bronchial  specimens  from  enrolled 
patients  in  VITAL  trials  and  whether  treatment  with  chemopreventive  agents 
suppresses  Akt  level  or  activity  in  these  patients. 

Project  1  and  the  Pathology  Core  are  continuing  to  accrue  patients  and  collecting  samples. 
When  more  tissue  and  serum  samples  are  available  from  the  clinical  trails,  we  will  perform  the 
correlative  studies  proposed  in  this  Aim. 
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Key  Research  Accomplishments 

•  EGFR  TKis,  including  erlotinib  and  gefitinib,  were  found  to  increase  the  levels  of 
EGFR:IGF-1R  heterodimer  localized  on  cell  membrane,  activate  IGF-1R  and  its 
downstream  signaling  mediators,  and  stimulate  mammalian  target  of  rapamycin 
{mTOR)-mediated  de  novo  protein  synthesis  of  EGFR  and  survivin  in  NSCLC  cells. 
Inhibition  of  IGF-1R  activation,  suppression  of  mTOR-mediated  protein  synthesis,  or 
knockdown  of  survivin  expression  abolished  resistance  to  the  EGFR  TKIs  and  induced 
apoptosis  in  NSCLC  cells  in  vitro  and  in  vivo. 

•  Determined  that  SCH66336  significantly  suppressed  HNSCC  tumor  growth  and 
angiogenesis  via  mechanisms  that  are  independent  of  H-Ras  and  RhoB.  By  inducing 
IGFBP-3  secretion  from  HNSCC  cells,  this  compound  suppressed  angiogenic  activities 
of  endothelial  cells. 

•  Determined  that  the  combination  of  IGFB3  and  SCH66336  produced  synergistic 
antiproliferative  effects  in  vitro  and  in  vivo  by  inducing  apoptosis.  A  greater  combined 
efficacy  was  observed  in  the  downregulation  of  the  antiapoptotic  Bcl-xL  and  prosurvival 
kinase  Akt  protein  expression  and  increase  in  the  level  of  proapoptotic  IGFBP-3  protein 
in  comparison  to  each  drug  alone. 

•  Discovered  that  the  IGF  axis  is  a  potential  target  for  chemoprevention  by  9-c/s-retinoic 
acid  and  IGF-1/IGFBP3  may  serve  as  surrogate  markers. 

Conclusion  and  Future  Plans 

We  conclude  that  1)  integration  of  IGF-IR-targeted  agents  is  required  when  EGFR  TKIs  are 
used  to  treat  lung  cancer  patients;  2)  IGFBP-3  mediates  antitumor  activities  of  SCH66336  in 
HNSCC  by  inhibiting  angiogenesis;  3}  the  combination  of  IGFB3  and  SCH66336  produces 
synergistic  antiproliferative  effects;  and  4)  the  IGF  axis  is  a  potential  target  for  the 
chemopreventive  activities  of  9-c/s-RA.  We  will  continue  studying  the  role  of  Akt,  EGFR,  and  the 
IGF  axis  in  NSCLC  and  HNSCC  tumorigenesis. 


Core  B;  Biostatistics  &  Data  Management  Core 
(Core  Director:  J.  Jack  Lee,  Ph.D.) 

Core  Goals: 

1.  To  provide  statistical  design,  sample  sizeypower  calculations,  and  integrated, 
comprehensive  analysis  for  each  basic  science,  pre-clinical,  and  clinical  study. 

2.  To  develop  a  data  management  system  that  provides  tracking,  quality  control,  and 
integration  of  clinical,  pathological,  and  basic  science  data. 

3.  To  provide  statistical  and  data  management  support  for  genomic  and  imaging  studies 
including  microarray,  proteomics,  protein  antibody  array,  and  spiral  CT. 

4.  To  develop  and  adapt  innovative  statistical  methods  pertinent  to  biomarker-integrated 
translational  lung  cancer  studies. 

5.  To  generate  statistical  reports  for  all  projects, 

6.  To  collaborate  and  assist  all  project  investigators  in  the  publication  of  scientific  results. 

The  Biostatistics  and  Data  Management  Core  has  continued  to  work  actively  with  all  the  VITAL 
Projects  in  their  research  efforts,  especially  in  the  area  of  biostatistical  support  and  consulting  in 
the  clinical  trial  design,  implementation,  conduct,  and  analysis  of  experimental  results, 
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Update 

In  the  third  year,  our  major  effort  has  been  in  the  area  of  providing  statistical/data  management 
support  for  Project  1,  for  both  the  Vanguard  trial  and  the  randomized  Phase  II  trials, 
Biostatistical  Core  was  involved  in  the  protocol  design,  submission  and  revision  process.  We 
have  interacted  with  study  PI,  IRB,  and  regulatory  agencies  to  address  critiques  and  provide 
revisions.  The  celecoxib  trial  has  been  opened.  We  have  also  submitted  the  protocol  of  the 
erlotinib  trial  for  review.  In  addition,  we  have  met  with  investigators  and  research  coordinators 
and  provided  assistance  in  designing  the  Case  Report  Forms  (CRFs)  for  these  trials. 

We  have  developed  and  continue  to  provide  enhancement  of  a  web-enabled  database  system 
to  facilitate  the  conduct  of  the  Vanguard  Trial.  The  database  allows  remote  data  capture  from 
any  computer  with  a  web  browser.  It  is  secure,  password  protected,  and  is  within  our 
institutional  firewall.  The  database  also  allows  the  research  nurse  to  schedule  patient  visits  and 
print  labels  for  tissue  acquisition.  It  can  track  the  tissue  distribution  in  both  sending  and 
receiving.  The  integrated  reporting  system  provides  real-time  inventory  reports  based  on  the 
most  up-to-date  data.  We  have  added  the  patient  randomization  module  for  the  celecoxib 
phase  II  trial  portion  of  the  clinical  trials.  Histopathology  reports  have  been  revised  with  an 
easier  to  read  diagnosis  and  can  be  emailed  directly  from  within  the  application.  The  specimen 
sample  labels  have  been  revised  to  include  more  information  including  the  protocol  number  and 
timeframe.  Selected  screen  shots  are  provided  in  the  Appendix  1.  The  database  is  fully 
functional  and  has  captured  34  patients  registered  in  the  trial  as  of  December  2006. 

We  have  also  worked  on  statistical  methods  for  the  evaluation  of  the  interactions  for 
combination  therapy  to  determine  whether  the  effect  is  synergistic,  additive,  or  antagonistic. 
One  method  was  published  and  attached  in  the  Appendix  2  (Kong  and  Lee,  2006).  Three 
manuscripts  have  been  submitted.  The  current  available  methods  require  strong  assumptions 
such  as  the  drug  interaction  follows  the  same  pattern  at  all  doses.  It  is  possible  that  the 
combination  may  produce  synergistic  effect  in  certain  dose  range  but  additive  or  antagonistic  in 
other  dose  ranges.  We  are  developing  two  new  statistical  methods  -  one  parametric 
generalized  response  surface  model  and  one  semi-parametric  model,  which  allow  more  general 
interaction  patterns  for  the  drug  interaction  and  ease  the  restriction  of  the  existing  methods. 
Methods  for  constructing  confidence  interval  for  the  estimate  were  also  developed.  Two  S-PLUS 
codes  are  available  for  download  from  http://biostatistics.mdanderson.org/SoftwareDownload/ . 

Key  Research  Accomplishments 

•  Provided  statistical/data  management  support  for  Project  1,  for  both  the  Vanguard  trial 
and  the  randomized  Phase  II  trials  (Celecoxib  and  Tarceva  trials) 

•  Continued  to  provide  enhancement  of  a  web-enable  database  system  to  facilitate  the 
conduct  of  the  Vanguard  Trial 

•  Worked  on  statistical  methods  for  evaluating  interaction  for  combination  therapy  to 
determine  whether  the  effect  is  synergistic,  additive,  or  antagonistic 

Conclusion  and  Future  Plans 

Biostatistics  and  Data  Management  Core  has  continued  to  work  actively  with  all  the  VITAL 
Projects  in  their  research  efforts,  especially  in  the  area  of  biostatistical  support  and  consulting  in 
the  clinical  trial  design,  implementation,  and  analysis  of  experimental  results.  In  addition,  the 
Core  continued  to  enhance  the  web-enabled  database  system  to  facilitate  the  conduct  of  the 
trials  and  develop  statistical  methods  for  evaluating  the  interaction  of  the  combination  therapy. 
All  project  support  and  database  management  will  continue  as  well  as  the  development  of  new 
statistical  methods  as  described  above. 
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Core  C:  Pathology  and  Specimen  Procurement  Core 

(Core  and  co-Core  Director:  Ignacio  Wistuba,  M.D. Adel  K.  Ei-Naggar,  M.D.) 

Aim  1  Develop  and  maintain  a  repository  of  tissue  and  other  biologic  specimens  from 
patients  enrolled  on  the  clinical  trials  in  Project  1, 


Update 

Using  the  procedures  and  system  established  for  sample  collection,  processing,  banking  and 
distribution,  we  have  acquired,  processed  and  banked  a  total  of  486  specimens  from  34  patients 
enrolled  in  Vanguard  clinical  trial  (Project  1).  Samples  from  34  baseline  bronchoscopies  have 
been  obtained,  processed  and  banked  in  the  Core  tissue  bank  (Table  6).  In  addition,  resected 
specimens  from  lung  cancer  and  head/neck  tumors  have  been  obtained,  reviewed  and  banked. 


Table  6.  Summary  of  specimens  collected  and 
bronchoscopies) 

banked  in  the  Pathology  Core  (34  baseline 

Type  of  Specimen 

Number 

Sputum 

40 

Buccal  Brush 

40 

Bronchial  Brush 

79 

Bronchial  Wash 

41 

Tissue  Specimens 

245 

Total 

486 

A  plan  of  bronchial  brush  and  tissue  specimen  collection  for  Project  3  has  been  developed.  Drs. 
Koo  and  Hittelman  in  Project  3  are  interested  in  identifying  the  molecular  abnormalities  in  the 
bronchial  mucosa  examined  under  the  fluorescent  bronchoscopy  (LIFE  instrument).  They  have 
obtained  bronchial  brush  and  tissue  specimens  from  7  bronchoscopies  from  patients  having 
normal  white  light  and  abnormal  LIFE  bronchoscopy  features  (Table  7). 


Table  7.  Specimens  collected  for  Project  3. 


Case  No, 

Date 

Sample  ID 

1 

2/16/2006 

K1-Wn/Ln 

Kl-Wab/Lab 

2 

3/14/2006 

K2-Wn/Ln 

K2-Wab/Lab 

3 

6/14/2006 

K3-Wn/Ln 

K3-Wn/Lab 

K3-Wab/Lab 

4 

7/13/2006 

K4-Wn/Ln 

K4-Wn/Lab 

5 

7/19/2006 

K5-Wn/Ln  (RML) 

K5-Wab/Lab  (RML) 

K5-Wab/Lab  (RUL) 

K5-Wab/Lab  (LUL) 

K5-Wab/Lab  (MC) 

6 

10/13/2006 

K6-Wn/Ln 

KS-Wab/lab 

7 

10/31/2006 

K7-Wn/Ln 

K7-Wab/Lab 

Note:  Wn  means  white  light  normal:  Wab  means  white  light  abnormal,  Ln  means  LIFE  normal.  Lab  mean  LIFE  abnormal. 
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Aim  2  Maintain  a  comprehensive  database  of  tissue  and  specimen  characteristics  from 
patients  enrolled  in  the  clinical  trials  of  Project  1,  including  pathologic 
characteristics  of  each  specimen,  inventory  and  distribution 


Update 

The  Biostatistics  Core  has  developed  a  web-based  database,  which  has  been  used  to 
catalogue  all  the  specimens  obtained  and  banked  in  the  Pathology  Core,  and  to  report 
pathology  diagnosis.  From  34  enrolled  patients,  750  biological  specimens  have  been  obtained, 
including  251  bronchial  biopsies,  251  bronchial  brushes,  42  bronchial  washings,  41  buccal 
brushings,  42  broncoalveolar  lavage,  82  NPBL  and  41  sputum  specimens.  All  have  been 
tracked  and  inventoried  using  the  web-site  database.  As  LIFE  bronchoscopy  biopsies  have 
been  performed  in  all  these  patients,  LIFE  abnormalities  have  been  entered  in  the  database  to 
be  correlated  with  histopathological  features, 


Aim  3  Provide  comprehensive  pathologic  characterization  of  ail  tissues  and  other 
biologic  specimens  and  assist  in  preparation  and  evaluation  of  studies  involving 
these  tissues 


Update 

Using  the  comprehensive  list  of  histology  diagnoses  for  bronchoscopy  biopsies  prepared  at  the 
beginning  of  this  project,  we  have  processed  and  histopathologically  diagnosed  218  tissue 
specimens  from  34  baseline  bronchoscopies  in  a  timely  fashion  (Table  8).  Two  H&E-stained 
tissue  sections  have  been  examined  per  bronchial  biopsy.  Although  normal  bronchial  epithelium 
has  been  detected  in  at  least  one  site  examined  in  most  (94.6%)  subjects,  a  number  of 
histopathological  changes  have  been  detected.  The  most  frequent  abnormalities  detected  were 
goblet  cell  metaplasia  and  basal  cell  hyperplasia,  both  detected  in  37.8%  of  patients.  Of  interest, 
squamous  metaplasia  and  dysplasia  were  detected  in  6  (16.2%%)  and  3  (8.1%)  of  subjects, 
respectively.  One  patient  had  mild  dysplasia  only,  one  patient  had  mild  and  moderate  dysplasia 
in  two  different  sites,  and  one  patient  had  only  moderate  dysplasia.  No  severe  dysplasia, 
carcinoma  in  situ  and  invasive  carcinoma  have  been  detected  to  date.  Histopathological 
analysis  of  the  resected  lung,  and  head/neck  cancer  samples  has  aiso  been  performed,  in 
which  squamous  metaplastic  and  dysplastic  lesions  have  been  not  detected.  Tissue  blocks  from 
atl  these  samples  are  available  for  future  biomarker  analysis. 


Table  8.  Summary  of  histopathology  diagnosis  of  bronchial  biopsies  obtained  from  clinical  trial 
(Project  1).  _ _ _ _ _  _ 


Diagnosis 

Frequency  by  Site 

N(%) 

Frequency  by  Patient 

N  <%) 

No  Tissue/Denuded  Epithelium 

5(2.11 

5  (13*5) 

Normal  Epithelium 

167  (70.5) 

35  (94.6) 

Goblet  Cell  Metaplasia  (GCM) 

26(10.9) 

14(37.8) 

Basal  Cell  Hyperplasia  (8CH) 

22  (9,3) 

14(37.8) 

Combined  GCM/BCH 

6  (2.5) 

3  (8.1) 

Squamous  Metaplasia 

7  (2.9) 

6(16.2) 

Mild  Dysplasia 

-4-ILZ1 

3(8.1) 
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Aim  4  Provide  centralized  immu nohistochemistry  and  laser  capture  microdissection 
services,  nucleic  acid  extractions  and  assistance  with  construction  and 
evaluation  of  tissue  arrays. 


Update 

As  part  of  the  Pathology  Core,  a  centralized  immunohistochemistry  (IHC)  laboratory  with 
manual  and  automated  immunohistochemical  techniques  and  in  situ  tissue-based 
methodologies,  such  as  FISH  and  laser  capture  microdissection  available  for  investigators,  is  in 
place.  Tissue  microarray  {TMA)  construction  is  also  in  place  (Figure  13),  and  a  complete  set  of 
lung  cancer  specimens  (N  =  400)  and  corresponding  bronchial  and  peripheral  lung 
preneoplastic  lesions  N  =  300)  are  available.  A  priority  sample  distribution  list  for  VITAL 
individual  projects  is  in  place  for  IHC  biomarker  analysis  using  formalin-fixed  and  paraffin- 
embedded  bronchial  tissues.  The  samples  obtained  from  the  Clinical  Trial  {Project  1)  have  not 
been  processed  and  distributed  yet,  because  of  the  relatively  small  number  of  specimens 
obtained  so  far.  Considenng  the  slow  patient  accrual  and  limited  specimens  obtained  from  the 
Clinical  Trial,  the  Pathology  Core  has  developed  the  following  strategy  to  compensate  for  the 
limits,  and  make  specimens  available  for  biomarkers  validation  to  VITAL  project  investigators: 

1)  We  are  in  the  process  of  reviewing  approximately  400  early  stages  (I  to  IIIA)  lung  cancer 
surgically  resected  specimens  from  our  Institution 
from  January  1/2003  to  December  31/2005  to  obtain 
archival  formalin-fixed  paraffin  embedded 
specimens  to  identify  tumor  and  adjacent  normal  or 
preneoplastic  bronchial  and  bronchiolar  epitheiia, 

Detailed  demographic  and  clinical  information  will  be 
obtained  in  all  these  cases,  including  follow  up  for 
recurrence,  secondary  primary  tumor  development 
and  survival. 

2)  From  a  subset  of  early  lung  cancer  surgically 
resected  cases  in  our  Institution  from  1997  to  2002, 
we  have  identified  and  selected  504  histologically 
normal  and  abnormal  bronchial,  bronchiolar  and 
alveolar  epithelium  specimens  (Table  9)  to  be 
examined  for  molecular  marker  expression  using 
immunohistochemistry.  All  these  specimens  have 
been  placed  in  tissue  microarrays  (TMAs).  in 
collaboration  with  VITAL  project  investigators  and 
collaborators  ,  we  have  examined  21  immunohistochemistry  markers  (Table  10),  most  of  which 
are  related  to  potential  targets  for  chemoprevention  strategies.  Survivin  is  exemplified  of  our 
effort  in  Project  5  below. 


Table  9.  Respiratory  epithelium  specimens  placed  in  TMAs  for  IHC  marker  analysis. 


Diagnosis 

Number  of  Samples 

Norma!  Epithelium 

146 

Hyperplasia 

174 

Squamous  Metaplasia 

28 

Squamous  Dysplasia 

39 

Squamous  Carcinoma  in  Situ 

47 

Atypical  Adenomatous  Hyperplasia 

70 

Total 

504 

Figure  13- Examples  of  tissue  microarrays  (TMA) 
including  pr*n*op(astj£  lesion 
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Table  10.  Summary  of  immunohistochemistry  markers  examined  In  respiratory 
epithelium  specimens  placed  in  TMAs. 


Markers  examined  by  IHC  In  respiratory  epithelium 

E-Cadherin 

FGF 

Caspase-8 

FGFR1 

STAT-5 

FGFR2 

P70S6K 

Syndecan-1 

NF-kB 

Survivin  (VITAL  Prefect  5) 

IRAK-1 

SCC-1  (VITAL  Project  31 

IGF  (VITAL  Project  5) 

SCC-2  (VITAL  Project  3) 

IGFR1  (VITAL  Project  5) 

pCREB 

EGFR  (VITAL  Project  5) 

CREB 

Caveolin-1 

PTTG 

FUS-1 

Survivin  IHC  Expression  in  the  Early  Pathogeneis  of  Lung  Cancer. 

One  of  the  objectives  of  Project  5  was  to  assess  the  difference  in  the  survivin  expression  among 
different  lesion  bronchia!  epithelium  histologies  obtained  form  lung  cancer  patients.  Survivin 
expression  was  examined  in  normal  tissue,  atypical  adenomatous  hyperplasia  (AAH)  lesion, 
basal  cell  hyperplasia  (BCH),  squamous  metaplasia  (SQM),  low-  and  high-grade  (including 
carncinoma  in  situ)  dysplasia  lesions.  A  total  of  379  lesions  were  obtained  out  of  94  lung  cancer 
patients.  Survivin  expression  levels  were  presented  in  the  form  of  cytoplasm  scores  and  nuclei 
scores  (Figure  14).  The  main  findings  are  summarized  as  the  follows: 

a)  Survivin  expression  correlated  with  patient’s  smoking  status.  The  survivin  nuclei 
scores  were  marginally  significantly  correlated  with  patients'  smoking  status  (p-value:  0.070). 
Non-smokers  tended  to  have  higher  survivin  expressions  at  the  nuclei  level  than  smokers. 

b)  Survivin  nuclear  and  cytoplasmic  expression  is  an  early  event  in  the  pathogenesis  of 
lung  cancer  and  correlated  with  increasing  severity  of  histopathologic  changes.  Survivin 
nuclei  scores  in  normal  lesions  were  significantly  lower  than  those  in  the  AAH  lesions  and  the 
high-grade  dysplasia  lesions  with  the  p-values  of  0.030  and  <0.0001,  respectively.  The  high- 
grade  dysplasia  lesions  had  significantly  higher  survivin  nuclei  scores  than  the  hyperplasia 
lesions,  the  low-grade  dysplasia  lesions 
and  the  SQM  lesions  (p-values:  <0.0001, 

0.002,  0.0004).  The  survivin  cytoplasm 
scores  in  the  high-grade  dysplasia  lesions 
were  statistically  significantly  higher  than 
those  in  the  hyperplasia  lesions,  the 
normal  lesions,  and  the  SQM  lesions  with 
the  p-values  of  <0.0001,  0.0001,  and 
0.010.  The  survivin  cytoplasm  scores  in 
the  low-grade  dysplasia  lesions  were  also 
significantly  higher  than  those  in  the 
normal  lesions,  the  hyperplasia  lesions 
and  the  SQM  lesions  (p-values:  0.014, 

0.004,  0.050). 

In  addition,  we  have  helped  Dr.  John 
Minna  on  his  three-dimensional  organotypic  cl“  jre  of  HBECs  (Project  2.1  of  VITAL).  We  have 
developed  technology  for  histology  and  in  situ  techniques  (IHC  and  FISH)  to  process  and 
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Figure  14.  Survivin  IHC  expression  in  lung 

cancer  preneoplastic  lesions 
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evaluate  the  3D  cultures  of  immortalized  HBECs  developed  by  Dr.  Minna's  lab.  The  results  were 
submitted  to  the  2006  AACR  (Sato  et  al,,  #14261,  2006}  (refer  to  Project  2).  We  have  also 
examined  histological  and  cytological  characteristics  of  130  of  H&E  stained  sections  from  3-D 
cultured  developed  by  Dr.  Minna's  lab  (Figure  15).  We  are  in  the  process  of  setting  up  IHC 
markers  to  study  the  cell  differentiation  and  molecular  characteristics  of  cells  present  in  those 
bronchial  cells  3D  cultures. 

Key  Research  Accomplishments 

•  The  Core  has  processed  all  patients'  specimens  and  reported  histology  abnormalities  of 
all  bronchial  biopsies  of  patients  enrolled  in  Vanguard  Trial  in  a  timely  fashion. 

•  The  Core  has  significantly  helped  research  projects  by  examining  HBEC  3-dimensional 
cell  cultures  and  helping  to  establish  HBEC  organotypic  cultures  from  patients  enrolled 
in  Vanguard  trial. 

•  Utilizing  archival  tissue  specimens,  the  Core  has  helped  to  identify  molecular 
abnormalities  involved  in  the  early  pathogenesis  of  lung  cancer,  including  those  with 
survivin  and  IGF/R  markers. 

•  The  Core  has  identified  molecular  abnormalities  involved  in  the  early  pathogenesis  of 

EGFR  mutated  lung  adenocarcinomas. _ 


Squamous  Metaplasia 


Ciliated  Columnar  Epithelium 


Figure  15.3-0  organotypic  cultures  of  human  normal  bronchial  epithelial 
cell  Immortalized  showing  two  types  of  histology  characteristics 


Conclusion  and  Future  Plans 

We  have  acquired  and  banked  specimens  from  251  bronchoscopy  biopsies  and  750  specimens 
from  lung  cancer  and  head/neck  tumor  patients,  and  used  the  web-enabled  database  developed 
by  the  Biostatistics  Core  to  track  and  inventory  bronchoscopy  specimens  and  report 
histopathological  features  of  the  bronchia!  mucosa  from  the  bronchoscopy  biopsy.  We  have 
selected,  prepared  and  examined  a  number  of  molecular  markers  in  a  large  series  (N  =  504)  of 
respiratory  epithelium  specimens  by  immunohistochemistry,  which  have  been  used  to  examine 
several  IHC  markers  related  to  VITAL  projects.  We  will  continue  to  support  all  projects  with 
pathology  and  cytology  efforts  and  to  perform  molecular  marker  analysis  and  development  as 
needed. 


Additional  Research  Activities:  Molecular  Pathogenesis  of  Lung  Cancer 

The  main  goal  of  the  VITAL  research  program  is  to  provide  a  better  understanding  of  the  cellular 
and  molecular  events  that  drive  lung  tumorigenesis.  Thus,  using  a  molecular  pathology 
approach,  we  have  attempted  to  understand  the  early  molecular  pathogenesis  of  lung  cancer. 
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We  selected  lung  adenocarcinoma,  the  most  frequent  (-50%)  histological  type  of  lung  cancer, 
which  has  a  limited  knowledge  early  molecular  pathogenesis.  Recent  data  suggest  that  at  least 
two  molecular  pathways  ( KRAS  and  EGFR)  are  involved  in  the  development  of  invasive  lung 
adenocarcinomas  in  smokers  and  non-smokers,  respectively. 


Activity  1:  Identify  the  abnormalities  of  EGFR  in  the  pathogenesis  of  lung 
adenocarcinomas. 


Update 

We  found  that  gene  mutation  and  over-expression  of  EGFR ,  but  not  gene  copy  number,  are 
early  events  in  the  pathogenesis  of  lung  adenocarcinoma.  A  manuscript  of  detailed  findings  is  in 
preparation  for  publication,  and  briefly  summarized  below. 

Patterns  of  EGFR  mutation  in  histologically  normal  epithelium.  We  have  previously 
reported  mutations  in  exon  19  and  21  of  EGFR  in  at  ieast  one  sample  of  microdissected  normal 
small  bronchial  or  bronchiolar  epithelia  obtained  from  lung  cancer  specimens  from  9  of  21  (43%) 
patients  with  EGFR  mutant  adenocarcinomas,  and  none  in  26  respiratory  epitheiia  from  16 
patients  without  mutation  in  the  tumors  (Tang  et  a!.,  2005).  In  the  present  study,  we  report 
mutation  analysis  of  normal  epithelium  obtained  from  an  additional  3  EGFR  mutant  and  10  wild- 
type  lung  adenocarcinomas  this  year,  totaling  24  EGFR  mutant  cases  and  26  wild  type  cases. 
Whereas  the  final  overall  rate  of  mutation  in  normal  epithelium  from  mutant  tumors  is  similar 
(12/24  cases,  50%;  23/85  sites,  27%),  we  detected  EGFR  exon  19  (15bp,  746-750)  deletions  in 
6  sites  of  small  bronchial  (N  =  4)  and  bronchiolar  (N  =  2)  epithelium  sites  obtained  from  3  wild- 
type  tumors  (Table  11).  Thus,  EGFR  mutation  has  been  found  in  normal  epithelium  in  3/26 
(12%)  wild-type  adenocarcinomas  and  in  6/57  (11%)  of  the  microdissected  epithelial  sites. 
Consistent  with  our  previously  reported  data  (Tang  et  al„  AACR  2005),  EGFR  mutants  in 
normal  epithelia  were  detected  in  small  bronchus  (14/65,  30%)  and  bronchiole  (15/77,  19%)  in 
both  mutant  and  wild -type  tumor  cases. 


Table  11.  Summary  of  EGFR  abnormalities  in  normal  bronchial  epithelium  from  lung 


EGFR  Abnormality 

Sites 

N 

Mutant  tumors 

Wild-Type  Tumors 

Mutation 

142 

23/85  (27%) 

6/57(11%) 

Copy  Number 

22 

Disomy 

14  (64%) 

ND 

Low  Trisomy 

7  (32%) 

ND 

High  Trisomy 

1  (5%) 

ND 

Polysomy/Ampliftcation 

0 

ND 

EGFR  IHC  Expression  Positive1 

128 

42/80  (53%) 

30/48  (63%) 

pEGFR  IHC  Expression  Positive1 

124 

27/77  {33%) 

15/47  (32%) 

'  Positive  immunohistochemical  expression  score  >200  (range  0-400) 


TTF-1  immunohistochemical  expression  and  EGFR  mutation  in  normal  epithelium.  A 

higher  level  of  immunohistochemical  expression  of  nuclear  transcriptional  thyroid  factor  (TTFJ-I, 
a  crucial  transcription  factor  of  the  lung,  was  recently  reported  in  EGFR  mutant  lung 
adenocarcinomas  than  in  wild-type  tumors,  suggesting  that  EGFR  mutant  in  lung 
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adenocarcinoma  originates  from  the  terminal  respiratory  unit  (TRU)  (Yatabe  et  a(.,  2005).  The 
TRU  is  composed  of  alveolar  ceils  and  nonciiiated  bronchiolar  epithelium,  and  its  characteristics 
are  highlighted  by  the  expression  of  TTF-1.  We  thus  investigated  the  correlation  between  EGFR 
mutation  and  TTF-1  nuclear  expression  in  tumor  and  normal  epithelium  sites.  EGFR  mutant 
adenocarcinomas  (18/20  cases,  90%)  demonstrated  higher  expression  of  TTF-1  compared  to 
wild-type  tumors  (10/26  cases,  38%;  P  <  0.001).  However,  no  significant  difference  (P=  0.273) 
in  the  frequency  of  TTF-1  immunohistochemical  expression  was  detected  comparing  EGFR 
mutant  (11/25  sites,  44%)  and  wiid-type  (34/105  sites,  33%)  respiratory  epithelia.  Our  findings 
indicate  that  normal  bronchial  epithelial  cells  expressing  TTF-1  is  not  the  exclusive  precursors  of 
EGFR  mutant  adenocarcinomas,  and  therefore,  these  tumors  do  not  originate  exclusively  from 
TRU  structures. 

EGFR  copy  number  in  normal  epithelium.  To  determine  the  morphological  stage  in  which 
EGFR  copy  abnormalities  start  in  EGFR-mutant  adenocarcinomas,  we  performed  a  precise 
mapping  strategy  and  examined  EGFR  copy  number  in  22  normal  bronchial  epithelium  sites 
obtained  from  9  EGFR-mutant  adenocarcinomas  by  FISH.  These  epithelial  sites  were  also 
examined  for  EGFR  mutation  analysis.  Of  those,  4  normal  epithelium  sites  had  EGFR  mutations 
in  exons  19  (15bp-deletion)  and  21  (L858R  mutation).  Most  (14/22,  64%)  of  normal  epithelia 
demonstrated  no  EGFR  abnormalities  (disomy),  including  2  EGFR  mutant  sites.  We  did  not 
identify  any  normal  epithelia  having  EGFR  amplification  or  high  level  of  polysomy,  which  have 
been  defined  as  increased  gene  copy  number.  All  9  tumor  cases  demonstrated  at  least  one 
area  of  increased  copy  number.  Our  findings  indicate  that  EGFR  mutation  precedes  copy 
number  abnormalities  in  the  sequential  pathogenesis  of  EGFR-mutant  lung  adenocarcinomas. 

EGFR  immunohistochemical  expression  in  normal  epithelium.  Using  a  published  (Hirsch  et 
at.,  2003)  score  system  for  EGFR  IHC  assessment  of  tumors  and  preneoplastic  lesions  of  the 
lung,  we  evaluated  the  level  of  EGFR  and  pEGFR  membrane  expression  in  normal  bronchial 
epithelia  adjacent  to  EGFR- mutant  and  EGFR  -  wild-type  lung  adenocarcinomas.  Overall,  a 
relatively  high  level  of  EGFR  (72/128,  56%)  and  pEGFR  (42/124,  34%)  expression  was 
detected  in  normal  respiratory  epithelium  sites.  No  significant  differences  were  detected  in  the 
EGFR  and  pEGFR  expression  between  normal  epithelium  and  samples  obtained  from  EGFR- 
mutant  and  EGFR-wild-type  tumors  (Table  12),  structures  of  origin  (small  bronchus  vs. 
bronchiole),  or  distance  from  the  tumor.  pEGFR  positive  expression  in  normal  epithelium,  but 
not  EGFR,  correlated  with  patients'  smoking  status,  being  higher  in  non-  smokers  than  smokers 
(18/55,  25%  vs.  6/54,  10%;  P  =  0.0287).  Twenty-five  normal  epithelium  sites  adjacent  to  9 
EGFR-  mutant  adenocarcinomas  were  examined  for  EGFR  mutation  and  EGFR  and  pEGFR 
immunohistochemcal  expression.  Of  those,  19  (75%)  and  10  (40%)  epithelial  sites  were  positive 
for  EGFR  and  pEGFR  expression,  respectively  (Table  12).  Seven  normal  epithelium  sites  had 
EGFR  mutation,  and  the  level  of  EGFR  and  pEGFR  expression  was  not  significantly  higher  than 
wild-type  epithelial  sites.  Thus,  overexpression  of  EGFR  and  pEGFR  is  a  common  event  in 
normal  bronchial  epithelium  adjacent  to  lung  adenocarcinomas,  including  EGFR -  wild-type 
tumors,  suggesting  a  mechanism  regulating  EGFR  overexpression  independent  of  increased 
copy  number  and  mutation  of  EGFR. 


Two  abstracts  (Tang  and  Bi  et  al,  2006;  Tang  and  Varella-Garcia  et  a!.,  2006)  were  presented  at 
the  2006  AACR  meeting  as  attached  in  Appendix  2. 
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Table  12.  Summary  of  EGFR  abnormalities  in  the  sequential  pathogenesis  and  progression 
of  lung  adenocarcinoma  (N  =  9  cases) 


Gene  Abnormalities 

Protein  (HC  Expression 

Samples  Sites 

Mutation 

Positive 

Increased  Copy 
Number1 

EGFR 

Positive* 

pEGFR 

Positive1 

Normal 

4/22(18%) 

0 

19/25  (75%) 

10/25  (40%) 

Epithelium 
Primary  Tumor 

57/59  (97%) 

34/42  (81%) 

42/65  (65%)a 

13/52  (20%  )* 

Metastasis 

T  .  _ _ _ 

28/30  (93%) 

25/29  (86%) 

27/31  (87%)3 

21/31  (68%)* 

?  Positive  immunohistochemical  (IHC)  expression  score  >200  (range  0-400) 


Primary  tumor  vs.  metastasis  P  =  0.02 
*  Primary  tumor  vs.  metastasis  P  <  0.00001 


Activity  2:  Determine  gene  promoter  hypermethylation  in  the  respiratory  mucosa  field 

Some  of  the  molecular  changes  such  as  gene  mutation,  loss  of  heterozygosity  and 
microsatellite  alterations  involved  in  the  early  pathogenesis  of  lung  cancer  have  been  shown 
throughout  the  respiratory  mucosa  as  a  field  effect,  we  decided  to  examine  whether  gene 
promoter  methylation  (a  mechanism  of  tumor  suppressor  gene  inactivation)  is  also  present  as  a 
fieid  effect  in  the  respiratory  epithelium  of  lung  cancer  patients  and  smokers.  We  initially 
selected  the  Caveolin-1  (CAV1)  gene  to  study. 


Update 

Caveolin-1  (Cav-1),  an  essential  structural  constituent  of  caveolae  that  plays  an  important  role 
in  cellular  processes  such  as  transport  and  signaling,  has  been  implicated  in  the  development  of 
several  cancers,  including  lung.  Reduction  and  absence  of  Cav-1  expression  has  been  reported 
in  almost  all  small  cell  lung  cancers  (SCLC)  and  a  subset  of  non-small  cell  lung  cancers 
(NSCLC),  mostly  due  to  gene  promoter  methylation.  To  better  understand  the  role  of  CAV1 
gene  in  the  early  pathogenesis  of  lung  cancers,  we  investigated  its  promoter  methylation  and 
IHC  expression  in  the  lung  respiratory  field  by  examining  histologically  normal  respiratory 
epithelia  adjacent  to  lung  tumors.  We  studied  formalin-fixed  surgically  resected  tumor 
specimens  from  100  lung  cancers,  including  40  SCLCs  and  60  NSCLCs  (48  adenocarcinomas, 
AC;  12  squamous  cell  carcinomas,  SCC).  For  CAV1  methylation  analysis,  we  extracted  DNA 
from  202  precisely  microdissected  tissue  sites,  including  101  tumors  and  101  normal  epithelia 
(79  small  bronchi  and  22  bronchioles).  Among  normal  epithelial  sites,  30  were  located  inside 
tumors  (INE),  60  closed  to  tumors  (<1  mm,  ONE),  and  1 1  distant  to  tumors  (DNE).  The  DNA 
was  assessed  by  methylation  specific  polymerase  chain  reaction  for  CAV1  methylation  and  the 
results  were  confirmed  by  sequencing.  Cav-1  IHC  expression  was  studied  in  the  same  tumoral 
and  epithelial  sites  examined  for  methylation.  A  high  level  of  CAV1  methylation  rate  was 
detected  in  tumors,  being  more  frequent  in  SCLC  (100%)  compared  to  AC  (49%)  and  SCC 
(50%).  NSCLCs,  but  not  SCLCs,  demonstrated  heterogeneity  in  CAV1  methylation  in  6  cases  in 
which  multiple  tumor  sites  were  examined.  CAV1  methylation  was  also  frequently  detected  in 
histologically  normal  respiratory  epithelia  adjacent  to  lung  tumors,  without  differences  in 
methylation  frequency  by  lung  tumor  histology  (SCLC  64%,  AC  69%  and  SCC  63%),  and  type 
(bronchi  65%  and  bronchioles  66%)  and  location  (INE  67%,  ONE  66%  and  DNE  64%)  of 
respiratory  structures  examined,  CAV1  gene  methylation  was  highly  correlated  with  protein 
expression  in  tumor  (90%)  and  normal  epithelium  (95%)  tissue  sites.  Our  findings  indicate  that 
CAV1  methylation  is  a  frequent  molecular  abnormality  in  lung  tumors,  especially  SCLC,  and 
high  frequency  of  Cav-1  abnormalities  in  normal  bronchial  and  bronchiolar  epithelia  adjacent  to 
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lung  cancers  suggests  that  CAV1  may  be  involved  in  the  early  pathogenesis  of  lung  cancer  as 
field  effect.  An  abstract  was  submitted  to  the  AACR  2007  (Tang  et  al.,  2007). 

Activity  3:  Determine  the  role  of  the  Epithelial  to  mesenchymal  transition  (EMT)  in  the 
early  pathogenesis  of  lung  cancer 

Epithelial  to  mesenchymal  transition  (EMT)  is  a  process  where  the  cells  undergo  a 
developmental  switch  from  epithelial  to  a  motile  mesenchyma.  EMT  occurs  as  key  steps  during 
embryonic  morphogenesis,  and  is  now  implicated  in  the  initiation,  progression  and  metastasis  of 
epithelial  tumors.  In  lung  cancer,  the  expression  of  individual  EMT  markers  has  been 
extensively  studied  and  correlated  with  prognosis,  EMT  is  reported  to  play  a  potential  role  as 
determinant  of  EGFR  activity  and  predictor  of  EGFR  tyrosine  kinase  inhibitor  sensitivity  in  lung 
cancer,  but  its  role  has  not  been  addressed  in  the  early  pathogenesis  of  lung  cancer.  Thus,  we 
decided  to  begin  our  studies  in  this  area  of  focus. 

Update 

First,  we  wanted  to  better  define  the  EMT  characteristics  in  lung  cancers  and  to  identify  potential 
correlations  with  patients’  clinicopathologic  features.  We  studied  thelHC  expression  of  8  EMT 
marker  proteins,  E-Cadherin,  N-Cadherin,  ^-Catenin,  Snail,  MMP-9,  NF-kB,  Integ rin-jff6  and 
Vimentin,  in  328  NSCLC  (209  adenocarcinomas;  119  squamous  cell  carcinomas)  and  38  SCLC, 
using  formalin-fixed  specimens  placed  in  TMAs  and  image  analysis.  To  correlate  the  expression 
of  EMT  markers  with  EGFR  abnormalities,  the  IHC  expression  of  EGFR  and  pEGFR  was  also 
examined  in  all  tumors.  EGFR  mutational  status  was  studied  in  a  subset  of  81 
adenocarcinomas.  Different  expression  patterns  of  EMT  markers  were  identified  in  different  lung 
cancer  histologies,  with  sarcomatoid  carcinomas  showing  the  lowest  expression  (p<0.0001)  of 
E-Cadherin,  N-Cadherin  and  /?-Catenin.  SCLC  demonstrated  the  lowest  expression  of  Integrin- 
06  (p=0.0003)  and  the  highest  expression  of  MMP-9  (p=0.02).  Squamous  cell  carcinoma 
demonstrated  significantly  (p<0.0001)  lower  levels  of  E-Cadhehn  and  N-Cadherin  expression 
compared  to  adenocarcinoma.  In  NSCLC,  tobacco  history  was  statistically  associated  with 
higher  expression  of  N-Cadherin  (p=0.03),  but  lower  expression  of  Integrin-jff6  (p=0,03)  and  0- 
Catenin  (p=0.04).  We  identified  a  positive  correlation  between  the  expression  of  E-Cadherin 
with  £-Catenin  (p=0.03)  and  MMP-9  (p=0.01),  while  E-Cadherin  and  lntegrin-j$6  correlated 
inversely  (p=0.009).  In  NSCLC,  EGFR  and  N-Cadherin  expression  correlated  (p=0,04) 
inversely,  and  in  the  subset  of  adenocarcinoma,  the  presence  of  EGFR  mutations  correlated 
with  higher  intensity  of  E-Cadherin  (p=0.005)  and  nuclear  NF-kB  (p=0.03).  Our  findings  indicate 
that  the  EMT  process  correlates  with  tumor  histology  in  lung  cancer,  smoking  history,  and 
EGFR  abnormalities  in  NSCLC.  We  will  next  study  the  EMT  in  NSCLC  resected  specimens  and 
in  the  lung  cancer  histologically  normal  and  abnormal  {preneoplastic  lesions). 


Developmental  Research  Project  (DRP)  2:  Biomarkers  for  Aggressive  Lung  Carcinomas 
in  African  American  Men 

(PI:  Sharon  Lobert,  Ph.D.,  University  of  Mississippi,  Jackson,  MS) 

Biological  factors,  in  addition  to  health  care  access,  are  likely  to  contribute  to  the  disparity  in 
survival  for  Caucasian  men  and  African  American  men  diagnosed  with  lung  cancer.  Lung 
tumors  are  classified  into  two  major  categories;  small  cell  lung  cancer  (SCLC  and  NSCLC.  The 
heterogeneity  of  NSCLCs  complicates  efforts  to  determine  prognosis  and  select  appropriate 
treatment  regimens,  p  class  III  tubulin  has  been  identified  as  a  marker  of  neuroendocrine 
differentiation  in  lung  cancer  and  as  a  potentially  important  biomarker  for  aggressive  tumors 
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(SCLC,  neuroendocrine  type  large  cell  carcinomas,  and  some  adenocarcinomas).  Our  proposed 
research  focuses  on  two  hypotheses:  1)  p  class  1)1  tubulin  levels  are  higher  in  NSCLCs  from 
African  American  men  compared  to  white  men;  and  2)  the  expression  of  proteins  that  alter 
microtubule  dynamics  is  increased  in  NSCLCs  from  African  American  men  compared  to  white 
men.  Higher  levels  of  these  proteins  would  reduce  the  effectiveness  of  antimitotic  agents  used 
in  the  treatment  of  NSCLC  that  stabilize  (paciitaxel)  or  destabilize  (vinorelbine)  mitotic  spindles. 
Stages  IA,  IB  and  IV  NSCLCs  (n  =  80}  will  be  obtained  from  the  NCI  Cooperative  Human  Tissue 
Network  and  quantitative  real-time  RT-PCR  will  be  used  to  measure  tubulin  isotype,  stathmin 
and  MAP4  mRNA  levels.  Equal  numbers  of  samples  from  white  and  African  American  males 
will  be  examined.  Western  blotting  will  be  used  to  verify  protein  levels. 

Update 

Year  one 

Goal:  Quantify  and  compare  biomarker  levels  (7  p-tubulin  isotypes,  stathmin  and  MAP4) 
in  NSCLCs  from  African  American  and  white  men  using  real-time  RT  PCR. 
Samples  will  also  be  prepared  for  later  protein  quantification, 

t.  Tissues  (n  =  80}  will  be  obtained  from  the  NCI  Cooperative  Human  Tissue  Network 
(CHTN). 

We  have  obtained  62  samples  from  Caucasian  patients  and  20  from  African  American 
patients. 

2.  Tissues  will  be  processed  to  extract  mRNA  and  conditions  for  real-time  RT-PCR 
experiments  will  be  optimized. 

We  have  processed  45  tumor  samples  from  Caucasian  patients  and  20  tumor  samples  from 
African  American  patients  to  obtain  total  RNA  samples  for  qRT-PCR,  and  have  designed 
primers  and  made  standards  for  all  seven  p-tubulin  istotypes,  stathmin  and  MAP4. 

3.  Real-time  PCR  experiments  will  be  done  as  sufficient  numbers  of  samples  are 
obtained. 

We  have  completed  qRT  PCR  for  all  7  p-tubulin  isotypes  for  28  Caucasian  patient  tissues 
and  14  African  American  patient  tissues  (Figures  16  and  17).  The  data  were  collected  as 
triplicate  samples  on  each  qRT-PCR  plate  and  2-4  plates  to  demonstrate  reproducibility. 
Quality  controls  were  used  on  each  plate  to  establish  the  validity  of  the  standard  curves. 
Thus,  for  tubulin  isotypes  we  have  completed  data  collection  for  882  samples  with  standard 
curves  in  2-4  individual  experiments  (50-60  samples/plate  x  2-4),  Demographic  data  and  data 
from  pathology  reports  will  be  used  in  the  analysis:  age,  race,  description  (squamous  cell, 
adenocarcinoma,  large  cell  carcinoma),  tumor  stage,  tumor  size,  differentiation  (well, 
moderately  or  poorly  differentiated).  These  data  has  been  entered  into  a  spreadsheet  with 
the  sample  number.  We  are  currently  working  on  qRT-PCR  for  p-tubulin  isotypes  for  the 
remaining  6  samples  from  African  American  patients  and  17  samples  from  Caucasian 
patients  that  we  have  processed.  Figures  16  and  17  show  pooled  data  from  NSCLCs 
sample  for  African  American  and  Caucasian  patients.  The  sample  number  so  far  for  each 
category  is  too  small  to  separate  the  two  patient  groups  (African  American  and  Caucasian). 
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Black  and  white  males  -  percentage  beta  tubulin  isotypes 
Differentiation:  Descriptors  from  pathology  reports 
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Figure  16.  Comparison  of  tubulin  isotype  percentages  in  all  NSCLC  samples  grouped  according  to  tissue 
differentiation  (combined  samples  from  Caucasian  and  African  American  patients).  Panel  A:  pie  charts. 
Panel  B:  bar  graph  with  t-test  results  showing  no  significant  difference  between  the  two  differentiation 
groupings. 
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Figure  17.  Comparison  of  tubulin  isotype  percentages  in  all  NSCLC  samples  grouped  according  to 
pathology  report  diagnosis  (combined  samples  from  Caucasian  and  African  American  patients). 
Panel  A:  pie  charts.  Panel  B:  bar  graph  with  error  bars. 


We  have  completed  qRT-PCR  measurements  for  MAP4  and  stathmin  for  20  NSCLC  samples 
from  African  American  patients  and  45  NSCLC  samples  from  Caucasian  patients  (Figure  18). 
This  data  set  includes  585  total  samples  (triplicate  samples  on  3  separate  96  well  plates). 
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Figure  18.  Comparison  of  total  tubulin  (red),  stathmin  (light  green)  and  MAP4  (dark  green)  levels 
for  NSCLC  samples  from  Panel  A:  African  American  patients  (n  =  14)  and  Panel  B:  Caucasian 
patients  (n  =  28).  The  total  tubulin,  stathmin  and  MAP4  levels  for  all  14  samples  from  African  American 
patients  and  8  of  the  samples  from  Caucasian  patients  show  dose  agreement  in  mRNA  copy  number, 
suggesting  common  regulatory  mechanisms  may  be  involved.  However  20  of  the  samples  from  Caucasian 
patient  do  not  show  dose  agreement  between  total  tubulin  and  MAP4  or  stathmin.  Note  that  this  is  a 
subset  of  the  total  samples  collected  so  far.  We  are  completing  the  measurements  of  tubulin  isotypes  in  6 
samples  from  African  American  patients  and  17  samples  from  Caucasian  patients.  The  stathmin  and  MAP 
data  collection  is  complete  for  20  samples  from  African  American  patients  and  45  samples  from 
Caucasian  patients. 


4.  Tissues  will  also  be  processed  for  protein  extraction  and  samples  frozen  for  later 
Western  blotting. 

All  45  samples  from  Caucasian  patients  and  20  from  African  American  patients  have  been 
processed  for  protein  extraction.  Samples  are  kept  in  SDS  sample  buffer  at  -80°C. 

Year  two 

Goat  1:  Continue  to  quantify  and  compare  p-tubulin  isotypes,  stathmin  and  MAP4  levels 
In  NSCLCs  as  in  year  1.  This  continues  to  be  the  major  focus  of  the  work  (see 
above). 

Goal  2:  Begin  examining  protein  levels  (0-tubulin  isotypes,  stathmin  and  MAP4)  by 
quantitative  and  semiquantitative  Western  blotting  in  samples  prepared  from  the 
NSCLCs. 

All  the  antibodies  that  will  be  used  in  the  Western  blotting  have  been  tested.  The  procedure  for 
quantitative  Western  blotting  for  tubulin  isotypes  has  been  developed  (Hiser  et  al.,  2006).  We 
have  selected  patient  samples  representing  high  and  low  0-tubulin  classes  II  and  V. 
Quantitative  Western  blotting  is  currently  being  done  to  measure  all  0-tubulin  classes  I,  II,  111, 
IVa+b,  and  V.  Results  from  these  experiments  will  be  compared  with  the  mRNA  levels 
measured  by  qRT-PCR.  We  will  also  do  semi-quantitative  Western  blotting  to  measure  stathmin 
and  MAP4  levels  in  these  samples. 
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Year  three 

Goal:  Complete  the  comparison  of  p-tubulin  isotypes,  stathmin,  and  MAP4  by  quantitative  and 
semlquantitative  Western  blotting. 

We  plan  to  continue  qRT-PCR  experiments  on  NSCLC  tissue  samples  from  African  American 
patients,  We  anticipate  by  the  end  of  year  three,  we  will  have  8-10  more  samples  for  a  total  of 
28-30  samples  from  African  American  patients,  Although  this  falls  short  of  our  planned  40 
samples,  we  anticipate  we  will  be  able  to  do  comparisons  with  the  45  samples  from  Caucasian 
patients.  Further,  since  we  have  an  abundance  of  NSCLC  samples  from  Caucasian  patients,  we 
plan  to  continue  to  process  them  to  add  to  the  pools  of  well,  moderate  or  poorly  differentiated 
samples.  These  may  allow  us  to  identify  trends  that  indicate  whether  tubulin,  MAP4  and/or 
stathmin  may  be  useful  as  biomarkers, 

During  the  final  stage  of  this  developmental  research  grant,  we  are  currently  developing  a 
manuscript  describing  the  results  of  this  project  and  discussing  the  implications  for  management 
of  lung  cancer,  and  will  submit  an  abstract  to  the  2007  Annual  Meetings  of  the  American 
Association  for  Cancer  Research  in  Los  Angeles. 

Key  Research  Accomplishments 

•  Forty-five  NSCLC  tissues  from  Caucasian  patients  and  20  from  African  American 
patients  have  been  processed  for  RNA  and  protein  samples. 

•  qRT-PCR  experiments  have  been  completed  for  all  7  p-tubulin  isotypes  for  28 
Caucasian  and  14  African  American  lung  tumor  samples.  Preliminary  data  analysis  has 
been  done. 

•  qRT-PCR  experiments  have  been  completed  for  45  NSCLC  samples  from  Caucasian 
patients  and  20  from  African  American  patients  for  MAP4  and  stathmin. 

•  A  spreadsheet  with  demographic  data,  pathology  data,  and  experimental  data  has  been 
created.  Data  for  each  sample  is  entered  into  the  spreadsheet  as  the  tissue  is 
processed.  Data  analysis  is  underway.  After  all  data  collection  is  complete  and  all  data 
have  been  transferred  to  the  spreadsheet,  nonparametric  multivariate  statistical  models 
will  be  used  to  fit  the  data  and  assess  statistical  correlations. 

•  The  procedure  for  quantitative  Western  blotting  for  p-tubulin  isotypes  has  been 
developed.  Western  blotting  to  verify  tubulin  isotype,  stathmin  and  MAP4  qRT-PCR 
findings  are  underway. 

Conclusions  and  Future  Plans 

•  p-tubulin  classes  II  and  V  are  found  to  be  abundant  in  lung  tumor  tissues  for  the  first 
time,  which  may  be  important  to  sequence  p-tubulin  classes  II  and  V  genes  for  mutations 
that  may  be  associated  with  paclitaxel  resistance. 

•  No  significant  correlation  between  p-tubulin  isotype  classes  and  extent  of  tissue 
differentiation  as  reported  in  the  pathology  records  for  these  samples.  If  our  analysis  of 
the  remaining  samples  support  this  finding,  these  data  will  agree  with  our  previous 
findings  suggesting  that  factors  other  that  tubulin  isotype  levels  are  important  in  tumor  or 
cell  culture  resistance  to  antimitotic  agents  (Hiser  et  al.,  2006;  Dozier  et  al.,  2003).  it  is 
our  hypothesis  that  proteins  that  regulate  mitotic  spindle  dynamics  or  secondary  targets 
for  antimitotic  drugs  may  play  an  important  role  in  tumor  response  to  these  drugs.  For 
example,  the  tumor  suppressor  protein  p53  is  thought  to  regulate  stathmin  and  MAP4 
transcription  (Zhang  et  al,  1999;  Ali  et  al.,  2002),  These  two  proteins  play  a  role  in  the 
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regulation  of  mitotic  spindles  and  also  may  impact  the  tumor  response  to  antimitotic 
agents  (Curmi  et  al,  2000}. 

•  Stathmin  and  MAP4  mRNA  levels  are  in  close  agreement  in  all  samples,  suggesting  a 
common  regulatory  mechanism. 

•  For  8  of  the  28  NSCLC  samples  from  Caucasian  patients,  the  stathmin  or  MAP4  levels 
differ  from  the  total  tubulin  mRNA  copy  number  by  >  100-fold.  Six  of  these  8  samples 
are  poorly  or  moderately  -  poorly  differentiated.  Although  this  observation  does  not 
explain  differences  in  disease  severity  for  African  American  patients  with  NSCLC 
compared  to  Caucasian  patients,  it  does  merit  further  exploration. 

•  We  will  perform  the  Western  blotting  analyses  and  compare  the  results  with  qRT-PCR. 

•  We  will  complete  all  analyses  and  determine  biomarker  trends  associated  with 
Caucasian  versus  African  American  patients. 
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KEY  RESEARCH  ACCOMPLISHMENTS 

Project  1:  Biologic  Approaches  for  Adjuvant  Treatment  of  Aerodigestive  Tract  Cancer 

•  36  patients  were  enrolled  in  Vanguard  trial. 

•  Patient  clinical  data  and  tissues  have  been  and  continue  to  be  collected  and  will  be 
distributed  to  support  research  projects  in  the  VITAL  grant. 

•  The  adjuvant  celecoxib  trial  is  open  and  has  enrolled  1  patient 

■  The  adjuvant  erlotinib  protocol  was  submitted  to  our  IRB  and  the  DOD  for  review. 

•  New  recruitment  strategies  have  been  used  to  increase  patient  accrual,  including 
distributing  patient  brochures,  directly  contacting  potential  patients,  increasing  referrals 
From  other  disciplines,  and  advertising  the  trials  by  website  and  local  radio. 

Project  2:  Identification  of  Biomarkers  of  Response  to  Chemoprevention  Agents  in 
Lung  Epithelium 

•  Established  additional  immortalized  human  bronchial  epithelial  cell  (HBEC)  strains  from 
multiple  donors 

•  Genetically  manipulated  the  HBECs  to  derive  isogenic  strains  that  expressed  oncogenic 
KRAS,  mutant  EGFR,  and/or  loss  of  p53  expression  as  well  as  HBECs  with  various 
EGFR  tyrosine  kinase  domain  mutations  alone  or  with  p53  knockout,  and  characterized 
their  biologic  and  gene  expression  behavior  showing  they  had  progressed  part  of  the 
way  toward  malignancy 

•  Identified  gene  expression  signatures  associated  with  the  introduction  of  oncogenic 
changes  into  the  HBEC  cells 

•  Determined  IC50s  for  all  1 3  HBE  cell  lines  for  Tarceva 

•  Demonstrated  progression  of  oncogenically  manipulated  HBECs  to  full  malignancy  after 
biologic  selection  in  soft  agar 

•  Determined  protein  profiles  related  to  lung  tumorigenesis  using  immmobilized  metal  ion 
adsorption  chromatography 

•  Detected  low-abundant  proteins  in  human  plasma  proteome  by  using  multi-lectin  affinity 
chromatography  and  two-dimensional  gel  electrophoresis 

Project  3:  Premalignant  Bronchial  Epithelia  -  Molecular  and  Cellular  Characterization 
of  Lung  Tumorigenesis 

•  Collected  high  quality  RNA  from  brushings  and  isolated  bronchial  epithelial  cells  from 
biopsies  of  LIFE  normal  and  LIFE  abnormal.  Successfully  set  up  culture  to  reconstitute 
bronchial  epithelium  in  these  specimens. 

■  Demonstrated  that  our  organotypically  cultured  bronchial  epithelial  cells  isolated  from 
biopsies  of  LIFE  normal  and  LIFE  abnormal  bronchial  epithelium  reflects  expression 
profile  of  bronchial  epithelial  cells  in  vivo,  which  provided  a  useful  model  for  our  future 
work  using  cultured  bronchial  epithelial  cells. 

•  Demonstrated  that  LIFE  normal  and  LIFE  abnormal  bronchial  epithelial  cells  had 
differences  at  the  molecular  level,  although  they  didn't  show  obvious  morphological 
differences  in  histologic  evaluation  of  cultures,  which  might  reflect  the  gene  expression 
difference  in  early  stage  of  tumorigenesis. 

•  Demonstrated  that  LIFE  abnormal  epithelial  cells  had  higher  aggressive  tendency  than 
LIFE  normal  cells.  The  genes  responsible  for  this  character  might  play  an  important  role 
in  lung  tumorigenesis  and  tumor  development. 

•  Demonstrated  that  chromosome  instability  in  bronchial  epithelial  cells  occurred  in  cells 
proliferating  away  from  the  basal  layer  and  was  associated  with  a  stress  response  in  the 
cells  associated  with  phosphorylation  of  Histone  H2AX. 


Page  47 


Army  Award  W81XWH-04- 1-0142;  Waun  Ki  Hong,  M.D. 

Annual  Report:  Reporting  Period  15  December  2005  - 14  December  2006 


•  Demonstrated  that  immortalized  HBECs  derived  from  different  individuals  show 
differential  takeover  ability  when  placed  in  competition  with  normal  bronchial  epithelial 
cells  and  with  each  other. 

•  Demonstrated  that  EGFR  expression  and  phosphorylation  patterns  may  be  spatially 
regulated  in  two-dimensional  and  three-dimensional  culture  conditions,  perhaps 
reflective  of  specific  cellular  processes  including  proliferation  and  migration. 

Project  4:  Modulation  of  Death  Receptor-Mediated  Apoptosis  for  Chemoprevention 

•  Determined  that  several  groups  of  the  compounds  with  cancer  therapeutic  potential 
including  celecoxib  and  its  derivative,  proteasome  inhibitors,  triterpenoids,  PPARv 
ligands,  and  FTIs  modulated  DR5  expression  and/or  c-FLIP  levels  (mostly  by 
downregulation),  which  contribute  to  induction  of  apoptosis  and/or  enhancement  of 
TRAIL-induced  apoptosis. 

•  Determined  that  celecoxib  and  DMC  increased  p-Akt  levels  in  a  time-dependent  fashion 
while  inducing  DR5  and  downregulating  cFLIP  in  some  lung  cancer  cell  lines  but  not  all 
and  that  LY294002  blocks  this  phosphorylation  in  a  cell-dependent  effect. 

•  Found  that  CHOP/GAD153  mediated  FTI  (SCH66336)-induced  DR5  expression. 

Project  5:  Molecular  Strategies  Targeting  the  AKT  Signaling  Pathway  for  Lung  Cancer 
Chemoprevention  and  Therapy 

•  EGFR  TKIs,  including  eriotinib  and  gefitinib,  were  found  to  increase  the  levels  of 
EGFR:IGF-1R  heterodimer  localized  on  cell  membrane,  activate  IGF-1R  and  its 
downstream  signaling  mediators,  and  stimulate  mammalian  target  of  rapamycin 
(mTOR)-mediated  de  novo  protein  synthesis  of  EGFR  and  survivin  in  NSCLC  cells. 
Inhibition  of  IGF-1R  activation,  suppression  of  mTOR-mediated  protein  synthesis,  or 
knockdown  of  survivin  expression  abolished  resistance  to  the  EGFR  TKIs  and  induced 
apoptosis  in  NSCLC  cells  in  vitro  and  in  vivo. 

•  Determined  that  SCH66336  significantly  suppressed  HNSCC  tumor  growth  and 
angiogenesis  via  mechanisms  that  are  independent  of  H-Ras  and  RhoB.  By  inducing 
1GFBP-3  secretion  from  HNSCC  cells,  this  compound  suppresses  angiogenic  activities 
of  endothelial  cells. 

•  Determined  that  the  combination  of  IGFB3  and  SCH66336  produced  synergistic 
antiproliferative  effects  in  vitro  and  in  vivo  by  inducing  apoptosis.  A  greater  combined 
efficacy  was  observed  in  the  downregulation  of  the  antiapoptotic  Bcl-xL  and  prosurvival 
kinase  Akt  protein  expression  and  increase  in  the  level  of  proapoptotic  IGFBP-3  protein 
in  comparison  to  each  drug  alone. 

•  Discovered  that  the  IGF  axis  is  a  potential  target  for  chemoprevention  by  9-c/s-retinoic 
acid  and  IGF-1/IGFBP3  may  serve  as  surrogate  markers. 

Core  B:  Biostatistics  &  Data  Management  Core 

•  Provided  statistical/data  management  support  for  Project  1,  for  both  the  VANGUARD 
triai  and  the  randomized  Phase  II  trials  (Celecoxib  and  Tarceva  trials) 

•  Continued  to  provide  enhancement  of  a  web-enable  database  system  to  facilitate  the 
conduct  of  the  VANGUARD  Trial 

•  Worked  on  statistical  methods  for  evaluating  interaction  for  combination  therapy  to 
determine  whether  the  effect  is  synergistic,  additive,  or  antagonistic 

Core  C:  Pathology  and  Specimen  Procurement  Core 

•  The  Core  has  processed  all  patients’  specimens  and  reported  histology  abnormalities  of 
all  bronchial  biopsies  of  patients  enrolled  in  Vanguard  Trial  in  a  timely  fashion. 
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«  The  Core  has  significantly  helped  research  projects  by  examining  human  bronchial 
epithelial  cells  (HBEC)  3-dimensional  cell  cultures  and  helping  to  establish  HBEC 
organotypic  cultures  from  patients  enrolled  in  Vanguard  trial. 

•  Utilizing  archival  tissue  specimens,  the  Core  has  helped  to  identify  molecular 
abnormalities  involved  in  the  early  pathogenesis  of  lung  cancer,  including  Survivin  and 
IGF/R  markers. 

•  The  Core  identified  molecular  abnormalities  involved  in  the  early  pathogenesis  of  EGFR 
mutated  lung  adenocarcinomas. 

DRP-2;  Biomarkers  for  Aggressive  Lung  Carcinomas  in  African  American  Men 

•  Forty-five  NSCLC  tissues  from  Caucasian  patients  and  20  from  African  American 
patients  have  been  processed  for  RNA  and  protein  samples. 

•  qRT-PCR  experiments  have  been  completed  for  all  7  p-tubulin  isotypes  for  28 
Caucasian  and  14  African  American  lung  tumor  samples.  Preliminary  data  analysis  has 
been  done. 

•  qRT-PCR  experiments  have  been  completed  for  45  NSCLC  samples  from  Caucasian 
patients  and  20  from  African  American  patients  for  MAP4  and  stathmin. 

•  A  spreadsheet  with  demographic  data,  pathology  data,  and  experimental  data  has  been 
developed.  Data  for  each  sample  is  entered  into  the  spreadsheet  as  the  tissue  is 
processed.  Data  analysis  is  underway.  After  ail  data  collection  is  complete  and  all  data 
have  been  transferred  to  the  spreadsheet,  nonparametric  multivariate  statistical  models 
will  be  used  to  fit  the  data  and  assess  statistical  correlations. 

•  The  procedure  for  quantitative  Western  blotting  for  p-tubulin  isotypes  has  been 
developed.  Western  blotting  to  verify  tubulin  isotype,  stathmin  and  MAP4  qRT-PCR 
findings  are  underway, 


REPORTABLE  OUTCOMES 


Publications: 

Articles  (attached  in  Appendix  2) 

1.  Morgillo  F,  Woo  JK,  Kim  ES,  Hong  WK,  Lee  H-Y.  Heterodimerization  of  IGFR/EGFR  and 
Induction  of  Survivin  Expression  Counteracts  the  Antitumor  Action  of  Erlotinib.  Cancer  Res 
66:10100-11,  2006. 

2.  Oh  SH,  Kim  W-Y,  Woo  J-K,  Kim  J-H,  Younes  MN,  Myers  JN,  Hong  WK,  Lee  H-Y. 
Identification  of  insulin-like  growth  factor  binding  protein-3  as  a  farnesyltransferase  inhibitor 
$CH66336-induced  negative  regulator  of  angiogenesis  in  head  and  neck  squamous  cell 
carcinoma.  Clin  Cancer  Res  12:  653-61,  2006. 

3.  Lee  H-Y,  Chang  YS,  Han  J-Y,  Liu  D,  Lee  JJ,  Lotan  R,  Hong  WK.  Effects  of  9-c/s-retinoic 
acid  on  the  insulin-like  growth  factor  axis  in  former  smokers.  J  Clin  One  23:4439-49,  2005. 

4.  Kong  M,  Lee  JJ.  A  generalized  response  surface  model  with  varying  relative  potency  for 
assessing  drug  interaction.  Biometrics  62:986-95,  2006. 

5.  Liu  XG,  Yue  P,  Schonthal  AH,  Khuri  FR,  Sun  S-Y.  Cellular  FLICE-Inhibitory  Protein  Down- 
regulation  Contributes  to  Celecoxib-lnduced  Apoptosis  in  Human  Lung  Cancer  Cells  Cancer 
Res  (Priority  Report)  66:1 1 1 1 5-9.  2006. 

6.  Zou  W,  Liu  X,  Yue  P,  Khuri  RK,  Sun  S-Y.  PPARy  ligands  enhance  TRAIL-induced  apoptosis 
through  DR5  upregulation  and  c-FLIP  downregulation  in  human  lung  cancer  cells.  Cancer 
Biol  Ther  6:1,  e1-e8,  2006. 

7.  Wistuba  I.  Genetics  of  Preneoplasia:  Lessons  from  Lung  Cancer.  Current  Mol  Med  (in 
press),  2007. 
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8,  Sato,  M„  Vaughan,  M.  B.,  Girard,  L.,  Peyton,  M.,  Lee,  W.,  Shames,  D.  S..  Ramirez,  R.  D., 
Sunaga,  N.,  Gazdar,  A.  F.,  Shay,  J.  W.,  and  Minna,  J.  D,  Multiple  oncogenic  changes  (K- 
RASV12,  p53  knockdown,  mutant  EGFRs,  pi 6  bypass,  telomerase)  are  not  sufficient  to 
confer  a  full  malignant  phenotype  on  human  bronchial  epithelial  cells.  Cancer  Res  66:2116- 
28,  2006. 

Manuscripts  submitted,  in  revision  or  review 

1,  Kong  M,  Lee  JJ.  A  semiparametric  model  for  assessing  drug  interaction.  Biometrics  {in 
revision),  2006. 

2.  Lee  JJ,  Kong  M,  Ayers  D.  A  tutorial  for  determining  drug  interaction  in  combination  therapy. 

J  Biopharma  Stat  (submitted),  2006. 

3,  Lee  JJ,  Kong  M.  Confidence  interval  for  interaction  index  for  assessing  multiple  drug 
interaction.  Stat  Biopharm  Res  (submitted),  2006. 

4,  Sun  S-Y,  Liu  X,  Yue  P,  Zhou  Z,  Zou  W,  Marcus  Al,  Khuri  FR.  The  CHOP-dependent 
upregulation  of  death  receptor  5  expression  contributes  to  farnesyltransferase  inhibitor- 
induced  apoptosis  in  human  cancer  cells.  Mol  Cell  Biol( in  review),  2006. 

5.  Qiu  Y,  Liu  X,  Yue  P,  Lonial  S,  Khuri  RK,  Sun  S-Y.  The  farnesyltransferase  inhibitor  R1 15777 
upregulates  DR5  expression  and  enhances  TRAIL-induced  apoptosis  in  human  lung  cancer 
cells.  Cancer  Res  (in  review),  2006, 

6.  Liu  XG,  Yue  P,  Chen  S,  Hu  L,  Lonial  S,  Khuri  RK,  Sun  S-Y.  The  proteasome  inhibitor  PS-341 
upregulates  death  receptor  5  expression  leading  to  induction  of  apoptosis  and  enhancement 
of  TRAIL-induced  apoptosis  despite  upregulation  of  c-FLIP  and  survivin  in  human  lung  cancer 
cells.  Cancer  Res  (in  review),  2006. 

Abstracts  (attached  in  Appendix  2) 

1.  Chen  S,  Liu  X,  Yue  P,  Schonthal  AH,  Khuri  RK,  Sun  S-Y,  Dimethyl-celecoxib,  a  derivative  of 
the  COX-2  inhibitor  celecoxib  that  lacks  COX-2  inhibitory  activity,  sensitizes  human  lung 
cancer  cells  to  tumor  necrosis  factor-related  apoptosis-inducing  ligand  (TRAIL)  through 
induction  of  DR5  and  downregulation  of  c-FLIP.  AACR,  2007. 

2.  Zou  W,  Chen  S,  Liu  X,  Yue  P,  Sporn  MB,  Khuri  RK,  Sun  S-Y.  c-Jun  N-terminal  kinase  (JNK)- 
independent  c-FLIP  downregulation  contributes  to  induction  of  apoptosis  by  the  novel 
synthetic  triterpenoid  methy!-2-cyano-3,  12-dioxooleana-1,  9-dien-28-oate  (CDDO-Me)  in 
human  lung  cancer  cells.  AACR,  2007, 

3.  Lu  T,  Wistuba  II,  Hittelman  WN.  Existence  of  clonal  and  subclonal  outgrowths  of 
premalignant  and  stromal  cells  in  the  upper  aerodigestive  tract  of  current  smokers. 
Proceedings  of  AACR  47:  #462,  2006. 

4.  Lu  T,  Wistuba  II,  Hittelman  WN.  Increased  genetic  instability  and  metastases  from 

spontaneous  murine  lung  adenocarcinomas  with  K-ras  and  p53  R172HAg  mutations  AACR 
2007.  . 

5.  Tang  X,  Varella-Garcia  M,  Xavier  AC,  Bi  XQ,  Ozburn  N,  Hong  WK,  Wistuba  II  et  al.  Analysis 
of  EGFR  abnormalities  in  the  sequential  pathogenesis  and  progression  of  lung 
adenocarcinoma  (Poster).  Proceedings  of  AACR  47:  #69,  2006. 

6.  Tang  X,  Bi  XQ,  Ozburn  N,  Hong  WK,  Wistuba  II  et  al.  “Field"  defect  abnormalities  in  lung 
adenocarcinoma:  KRAS  vs.  EGFR  mutant  tumors  (Platform  Presentation).  Proceedings  of 
AACR  47:  #5683,  2006. 

7.  Tang  X.  et  al.  Caveolin-1  Gene  Methylation  is  a  Field  Effect  Phenomenon  in  Lung  Cancer 
Patients.  AACR,  2007, 

8.  Sato  M,  Lee  W,  Girard  L,  Ramirez  RO,  Shames  DS,  Gazdar  AF,  Shay  JW,  Minna  J  D. 
Oncogenic  manipulation  and  biologic  selection  for  complete  tumorigenic  transformation  of 
immortalized  normal  human  bronchial  epithelial  cells.  Proceedings  oMACR  47:  #669,  2006. 
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9.  Ren  H,  Hawke  D,  Chu  Z,  Mao  L.  Protein  profiles  of  lung  tumorigenesis  using  immmobilized 
metal  ion  adsorption  chromatography.  Proceedings  of  A  AC  R  47:  #3582,  2006. 

10.  Kawaguchi  H,  Ren  H,  Lang  W,  Chu  Z,  Fan  Y-H,  Mao  L.  Detecting  low-abundant  proteins  in 
human  plasma  proteome  by  using  multi-lectin  affinity  chromatography  and  two-dimensional 
gel  electrophoresis.  Proceedings  of  AACR  47:  #2864,  2006. 

Resources: 

•  Development  of  immortalized  HBEC  lines  including  those  with  multiple  oncogenic 
changes,  which  are  being  made  available  to  multiple  collaborators. 

•  We  have  also  developed  additional  immortalized  HBECs  and  deposited  them  in  ATCC 
for  worldwide  distribution. 

CONCLUSIONS 

In  the  third  grant  year,  the  VITAL  research  projects  have  been  proceeding  well  with  respect  to 
their  specific  aims,  and  have  started  to  use  the  patient  samples  collected  from  the  Vanguard 
trial,  especially  Projects  2,  3,  and  5  with  the  support  of  the  VITAL  Pathology  Core.  The 
Vanguard  trial  continues  to  enroll  patients  and  we  expect  accrual  to  increase  with  all  the 
additional  efforts  to  disseminate  the  trial  information  and  reach  patients  (e.g,  trial  brochures, 
radio  ads)  and  with  the  participation  of  Methodist  Hospital  this  coming  year. 

In  2006,  we  had  8  publications  including  3  in  Cancer  Research,  1  in  Journal  of  Clinical 
Oncology,  and  1  in  Clinical  Cancer  Research,  10  scientific  abstracts  submitted  to  the  AACR 
annual  meeting,  and  6  manuscripts  in  review,  revision,  or  submitted.  We  have  also  developed 
additional  immortalized  HBECs  and  deposited  them  in  ATCC  for  worldwide  distribution.  Those 
cell  lines  with  multiple  oncogenic  changes  will  be  available  to  collaborators.  Based  on  the  work 
done  at  this  point,  several  conclusions  can  be  drawn  for  the  individual  projects: 

Project  1  continues  to  make  maximum  effort  to  improve  the  patient  accrual  and  ensure  the  high 
quality  of  the  clinical  data  and  patient  samples  collected  and  distributed  to  the  research 
investigators  in  the  VITAL  program. 

Project  2  continued  to  establish  additional  immortalized  HBEC  lines  from  donors,  which  was 
used  to  assess  the  contribution  of  individual  genetic  alterations  to  the  tumorigenesis  of  lung 
cancer.  Specific  gene  expression  signatures  are  associated  with  the  introduction  of  oncogenic 
changes  and  specific  alterations  of  KRASV12  and  p53  induced  partial  progression  to  full 
malignancy,  whereas  clonal  isolation  was  necessary  to  induce  full  malignancy.  Methods  were 
developed  to  characterize  the  protein  profiles,  including  those  of  low-abundance,  associated 
with  tumorigenesis. 

Project  3  improved  the  ability  to  reconstruct  bronchial  epithelium  in  vitro  from  biopsies  of  LIFE 
normal  and  LIFE  abnormal  areas.  The  in  vitro  cultured  bronchial  epithelial  cells  accurately 
reflect  expression  profile  of  bronchial  epithelial  cells  in  vivo.  LIFE  normal  and  abnormal 
bronchial  epithelial  cells  had  differences  at  the  molecular  level.  The  cultured  bronchial  epithelial 
cells  derived  from  LIFE  abnormal  areas  shows  higher  invasive  tendency  than  those  from  LIFE 
normal  areas,  as  expected. 

Project  4  concludes  that  appropriate  modulation  of  the  extrinsic  death  receptor-mediated 
apoptotic  pathway  through  such  mechanisms  as  the  upregulation  of  DR5  and/or  reduction  of  c- 
FLIP  levels  by  small  molecules  (e.g.,  celecoxib,  lonafamib,  bortezomib)  may  eliminate 
premalignant  or  malignant  lung  epithelial  cells  via  promoting  apoptotic  cell  death  to  achieve 
cancer  chemopreventive  and  therapeutic  goals.  Moreover,  the  potential  use  of  the  DR5  and  c- 
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FLIP  as  predictive  biomarkers  for  response  to  certain  drugs  in  the  clinic  warrants  further 
investigation. 

Project  5  concludes  that  integration  of  IGF-IR-targeted  agents  is  required  when  EGFR  TKIs 
are  used  to  treat  tung  cancer  patients;  IGFBP-3  mediates  antitumor  activities  of  SCH66336  in 
HNSCC  by  inhibiting  angiogenesis;  the  combination  of  IGFB3  and  SCH66336  produced 
synergistic  antiproliferative  effects;  and  the  IGF  axis  is  a  potential  target  for  the 
chemopreventive  activities  of  9-os-RA. 

Core  B:  Biostatistics  and  Data  Management,  has  continued  to  work  actively  with  ail  the 
VITAL  Projects  in  their  research  efforts,  especially  in  the  area  of  biostatisticai  support  and 
consulting  in  the  clinical  trial  design,  implementation,  and  analysis  of  experimental  results.  In 
addition,  the  Core  continued  to  enhance  the  web-enabled  database  system  to  facilitate  the 
conduct  of  the  trials  and  develop  novel  statistical  methods  for  the  evaluation  of  the  interactions 
in  combination  therapy. 

Core  C:  Pathology  and  Specimen  Procurement,  has  acquired  and  banked  specimens  from 
245  bronchoscopy  biopsies  and  37  resected  specimens  from  lung  cancer  and  head/neck  tumor 
patients,  and  used  the  web-enabled  database  developed  by  the  Biostatistics  Core  to  track  and 
inventory  bronchoscopy  specimens  and  report  histopathological  features  of  the  bronchial 
mucosa  from  the  bronchoscopy  biopsy.  They  have  selected,  prepared  and  examined  a  number 
of  molecular  markers  including  several  markers  related  to  VITAL  projects  in  a  large  series  {N  = 
504)  of  respiratory  epithelium  specimens  by  immunohistochemistry. 

DRP-2  concludes  that  p-tubulin  classes  II  and  V  are  abundant  in  lung  tumor  tissues,  which  may 
be  important  to  sequence  p-tubulin  classes  II  and  V  genes  for  mutations  that  may  be  associated 
with  paclitaxel  resistance;  there  is  no  significant  correlation  between  p-tubulin  isotype  classes 
and  extent  of  tissue  differentiation;  Stathmin  and  MAP4  mRNA  levels  are  in  close  agreement  in 
all  samples,  suggesting  a  common  regulatory  mechanism;  the  stathmin  or  MAP4  levefs  differ 
from  the  total  tubulin  mRNA  copy  number  by  >  100-fold  as  determined  from  for  8  of  the  28 
NSCLC  samples  from  Caucasian  patients.  Six  of  these  8  samples  are  poorly  or  moderately  - 
poorly  differentiated. 
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Heterodimerization  of  Insulin-like  Growth  Factor  Receptor/Epidermal 
Growth  Factor  Receptor  and  Induction  of  Survivin  Expression 
Counteract  the  Antitumor  Action  of  Erlotinib 

Flo  ri  ana  Morgillo,  Jfong  Kyu  Woo,  Edward  S.  Kim,  Waun  Ki  Hong,  and  Ha-Young  Lee 

Dtpartjmmt  of  Thoracic/Hud  u>d  Mcdlcd  Oncology*  Tht  University  of  Texas  M.D.  Anderson  Cancer  Center*  Houston.  Texas 


Abstract 

Epidermal  growth  factor  receptor  (EGFR)  tyrosine  kinase 
inhibitors  (TKIs)  have  been  used  to  treat  non-small  cell  lung 
cancer  (NSCLC).  However,  the  overall  response  rate  to  EGFR 
TKIs  is  limited,  and  the  mechanisms  mediating  resistance  lo 
the  drugs  are  poorly  understood  Here,  we  report  that 
insulin- like  growth  factor -I  receptor  (IGF- IK)  activation 
interferes  with  the  antitumor  activity  of  erlotimh,  an  EGFR 
TJO.  Treatment  with  erlotinib  increased  the  levels  of  EGFR/ 
1GF-1K  hctcrodimer  localized  on  cell  membrane,  activated 
IGF-IR  and  its  downstream  signaling  mediators,  and  stimu¬ 
lated  mammalian  target  of  rap  am  vein  (mTGK)-  mediated 
de  novo  protein  synthesis  of  EGFR  and  survivin  in  NSCLC 
cells.  Inhibition  of  IGF -IK  activation,  suppression  of  mTOK- 
mediated  protein  synthesis,  or  knockdown  of  survivin 
expression  abolished  resistance  to  erlotinib  and  induced 
apoptosis  in  MSCIC  cells  in  vitro  and  in  vivo *  Our  data 
suggest  that  enhanced  synthesis  of  survivin  protein  mediated 
by  the  IGFK/EGFK  heterodimer  counteracts  the  antitumor 
action  of  erlotinib,  indicating  the  needs  of  integration  of 
IGF-IR-targeted  agents  to  the  treatment  regimens  with 
EGFR  TKI  for  patients  with  lung  cancer.  (Cancer  Res  2006: 
66(20):  KHQtHl) 

Introduction 

The  5-year  survival  rate  for  lung  cancer  patients  remains 
extremely  poor  (£15:  ref  1),  underscoring  the  need  for  more 
effective  treatment  strategies.  Recently  new  therapeutic  ap¬ 
proaches  targeting  signaling  pathways  involved  in  cell  proliferation* 
apoptosis,  angiogenesis,  and  metastasis  have  been  investigated  (2). 
Among  the  many  potential  target  pathways,  the  epidermal  growth 
factor  (EGF)  receptor  (EGFR)  signaling  pathway  has  been  studied 
most  extensively  because  EGFR  overexpression  has  been  observed 
in  a  number  of  solid  tumors,  including  40%  to  80%  of  non -small 
cell  lung  cancers  (NSCLC:  ref  3),  The  EGFR  signaling  pathway 
activates  the  phosphatidylinositol  3-kinase  (PI3K)/Akt  and  mito¬ 
gen-activated  protein  kinase  (MAPK)  pathways,  which  play  major 
roles  in  cell  proliferation*  survival,  and  transformation  and  in 
therapeutic  resistance  (4,  5).  In  addition*  the  EGFR  pathway  is 


Note  Supplementary  for  thi*  article  are  Available  at  Cancer  Research  Online 
{ hap:  r  /canccTit^aacTiounuls^rg,/  )„ 
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implicated  in  angiogenesis*  and  cell  invasion  by  its  regulation  of  the 
expression  and  activity  of  matrix  metalloproteinases  (6*  7). 

These  findings  indicate  the  therapeutic  potential  of  inhibitors 
of  EGFR  tyrosine  kinase  activation*  EGFR  tyrosine  kinase  activity 
can  be  inhibited  by  antibodies  against  the  extracellular  domain  of 
EGFR,  such  as  cetmdmab,  or  hy  small  molecules  that  block  the  ATP 
binding  site  of  the  cytoplasmic  domain,  such  as  gefitinib  (ZD1S39* 
Iressa:  AstraZeneca  Pharmaceuticals,  Macclesfield,  United  King¬ 
dom)  and  eriotinib  (Tarceva®:  OSI  Pharmaceuticals;  Genentech, 
South  San  Francisco,  CA).  Both  forms  of  EGFR  inhibition  have 
single-agent  antitumor  activity  against  previously  treated  NSCLC 
(3,  8-10),  Erlotinib  exhibits  an  antiproliferative  effect  at  nanomolar 
concentrations  and  has  induced  apoptosis  and  reversible  ceU  cycle 
arrest  at  Gi  (11).  In  vivo  predinicai  models  have  shown  that 
erlotinib  administration  markedly  reduces  EGFR  autophosphor¬ 
ylation  and  growth  in  human  head  and  neck  cancer  xenografts 
(HNS  and  A431  cells)  in  nude  mice  (lh  12).  In  addition,  gefitinib* 
combined  with  standard  chemotherapeutic  agents  and/or  radio¬ 
therapy  in  predinicai  studies,  has  inhibited  EGFR  activation*  thus 
causing  Gj  cell  cycle  arrest  and  contributing  to  synergistic  growth 
inhibition  (13)* 

Despite  a  similar  chemical  structure,  these  two  EGFR  tyrosine 
kinase  inhibitors  (TKIs)  have  provided  contrasting  results  tn  phase 
Ul  clinical  trials,  in  which  only  eriotinib  showed  significantly 
improved  survival  compared  with  placebo  (14-16).  The  response  to 
gefitinib  and  erlotinib  has  been  suggested  to  be  associated  with  sex* 
smoking  status,  tumor  histology,  and  somatic  mutations  of  the 
EGFR  ATP  binding  site  (17*  IS).  Recent  data  have  suggested  that 
the  insulin-like  growth  factor- 1  receptor  (IGF-IR)  pathway  is  also 
implicated  in  the  resistance  of  gefitinib  and  anti-EGFR  monoclonal 
antibody  (19,  20).  However*  to  our  knowledge,  the  mechanisms 
involved  in  the  IGF-IR^  mediated  acquired  resistance  to  erlotinib  in 
NSCLC  cells  have  not  been  completely  defined  In  this  article,  we 
report  that  erlotinib  induce  EGFR/IGF-IR  heterodimerization  on 
the  cell  membrane,  transmitting  a  survival  signal  through  IGF-IR 
and  its  downstream  mediators  PI3K/Akt  and  p44/42  MAPK  to 
stimulate  mammalian  target  of  rapamycm  (mTOR)-  mediated 
synthesis  of  EGFR  and  antiapoptotic  survivin  proteins.  Conse¬ 
quently*  inactivation  of  IGF-IR,  suppression  of  mTOR- mediated 
protein  synthesis,  or  knockdown  of  survivin  protein  renders  EGFR- 
overexpressing  NSCLC  cells  sensitive  to  the  erlotinib  treatment 

Materials  and  Methods 

tells*  reagents*  and  animal*.  The  human  NSCLC  cell  lines  HS96. 
H226B*  H226Br,  H460,  Hi 299,  A549,  H358*  H661*  and  H322  were  from  the 
American  Type  Culture  Collection  (Manassas,  VA)  and  maintained  in  RBfl 
1640  supplemented  with  10%  fetal  bovine  serum  (FBS;  Life  Technologies* 
Gaithersburg.  MD)  in  a  humidified  atmosphere  with  5%  CO>  IGF  and  EGF 
wore  from  R&D  Systems  (Minneapolis.  MN).  Erlotinib  were  prepared  as 
10  mmol/L  stock  solution  in  DMSO  and  stored  at  -20*C  LY294002 
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(an  inhibitor  of  P13K),  PD98059  [an  inhibitor  of  the  MEK1J.  rapamycin*  and 
AG  1024.  a  TKJ  of  1GF-IR,  were  from  Calbicichem  Xoi'abiochcjTi  (Alexandria. 
New  South  Wales,  Australia);  these  inhibitors  were  prepared  as  30  mmol/L 
stock  solutions  in  DMSO  and  also  stored  at  -2QT.  Adenoviral  vectors 
expressing  survivin  (Ad-survivin;  ret  21)  or  dnIGF-IR/482  [ade  no  virus- 
expressing,  dominant*  negative  1GF-IH  (Ad-dnlGF-iR)l,  a  soluble  extracellu¬ 
lar  domain  of  JGF-IR  with  an  engineered  stop  codon  at  ammo  acid  residue 
4S2  (22),  and  control  adenoviral  vector  [ad  cnoviros -expressing  empty 
vector  (Ad-EV)]  were  amplified  as  described  elsewhere  (23).  Wc  confirmed 
increases  in  the  levels  of  IGF-tH  protein  by  Western  blot  assay  with  an 
antibody  for  the  o -subunit  (antHGF-IRa  N-20,  Santa  Crux  Biotechnology. 
Santa  Cruz,  CA)  using  medium  from  the  cells  that  were  infected  with 
Ad-dnlGF-tR  because  IGF-IR/4&2  has  been  shown  to  produce  and  release 
the  truncated  a- subunit  of  IGF-IR  into  the  medium  (22).  The  effect  of  the 
combination  of  eriotinib  and  Ad-dnlGF-IR  on  established  sx,  tumor 
nodules  was  studied  in  athymic  nude  mice  (Uaiian  Sprague -Pawley. 
Indianapolis,  IN)  in  a  defined  pathogen- free  environment  Six- week-old 
female  mice  were  used  in  this  study;  mice  with  necrotic  tumors  or  tumors 
£  1.5  cm  in  diameter  were  euthanized. 

Cell  proliferation  assay,  Cells  were  treated  with  eriotinib,  rapamydn, 
LY2$40ffL  PD9flOS9,  AG  1024.  Ad-dnJGF4R.  Ad-EVi  or  their  combinations  in 
the  absence  or  presence  of  1096  FBS.  EGF  (50  ng/mL),  or  IGF  (50  ng/mL). 
For  the  experiments  with  the  viruses,  cells  were  infected  with  5  and  10 
particle  forming  unit  (pfu)  for  Ad-dnIGF-IR  or  Ad-EV*  in  serum- free  medium 
for  2  hours  and  then  incubated  for  3  days  in  RPMl  medium  supplemented 
with  10*  FBS  in  the  absence  or  presence  of  the  indicated  concentrations  of 
criolimb  Cell  proliferation  was  measured  with  the  3  (4.5  dimethylthia2ol'2- 
ylh23^iiphenyiuJtraioliuni  bromide  (MTT)  assay.  The  drug  concentrations 
required  to  inhibit  ctJJ  growth  by  50*  were  determined  by  interpolation 
from  the  dose-response  curves.  For  defining  the  effect  of  the  combined  drug 
treatments,  any  potentiation  was  estimated  by  multiplying  the  percentage 
of  cells  remaining  by  each  individual  agent  The  synergistic  index  was 
calculated  as  previously  described  (24).  In  the  following  equations,  A  and 
B  arc  the  effects  of  each  individual  agent,  and  AB  Is  the  effect  of  the 
combination.  Subadditivity  was  defined  as  %AB  l  (%A  *  %B)  <  0,9; 
additivity  was  defined  as  %AB  /  (%A  x  %B)  a  0.9* Iff;  and  supra-additivity 
was  defined  as  %AB  i  (%A  x  %B)  >  m 

Gonngeuic  growl Ii  assay.  The  anchorage-dependent  donogenic  growth 
assay  w as  done  by  seeding  NSC1G  cell  lines  into  six-well  plates  at  low 
density  (=*3  *  103  ceils  per  well).  Cells  were  either  left  uninfected  or 
infected  with  5  or  30  pfu/ccl]  of  Ad-dnlGF-Ift  or  Ad-EV,  incubated  for 
72  hours  with  different  concentrations  of  eriotinib  (0.1, 1.0,  and  5.0  pmol/L), 
AG 1024  (5  pmol/L),  or  combinations  of  the  two  drugs  in  serum- free  RPMl 
medium  in  the  absence  or  presence  of  IGF  (50  ng/mL).  Cells  were  repkled 
in  six-well  plates  and  cultured  in  growth  medium  for  7  to  10  days,  in  a 
humidified  atmosphere  with  5%  CO*  at  37  *C.  and  then  colonies  were  fixed 
with  0.1%  Coomassie  blue  (Bio-Kad  Laboratories,  Hercules,  CA)  in  30% 
methanol  and  10%  acetic  acid.  We  then  counted  the  number  of  colonies 
with  >50  cells.  For  the  anchorage*  independent  clonogemc  growth  assay, 
-3  x  Ur'  cells  were  suspended  In  0.75  mL  of  0.22%  soft  agar  that  was 
layered  on  Cop  of  1  ml  ofl*  solidified  agar  in  each  well  of  34-weU  plates. 
The  plates  were  then  incubated  for  10  to  15  days  in  serum-free  RPMl  med¬ 
ium  containing  0.1  or  1.0  junol/L  concentrations  of  eriotinib  in  the  absence 
or  presence  of  10%  FBS  or  IGF  (50  ng/mL).  ITse  medium  was  changed  daily 
during  this  period,  at  the  end  of  which  tumor  cell  colonics  measuring  at 
least  SO  urn  wen;  counted  under  using  a  dissection  microscope* 

Cell  cycle  and  apoptosis  assays.  For  cell  cycle  and  apoptosis  assays, 
both  adherent  and  nonadherent  cells  were  harvested,  pooled,  and  fixed  with 
1%  paraformaldehyde  and  70%  ethanol.  For  the  cell  cycle  analysis,  wc 
stained  cells  with  50  pg/mL  propidium  iodide  and  determined  the 
percentage  of  cells  in  specific  cell  cycle  phases  (G*  S,  and  Gj-M)  by  using 
a  flow  cytometer  equipped  with  a  438  run  argon  laser  (Epics  Profile  II; 
Beckman  Coulter,  Miami,  FL),  Approximately  1  x  ]0f  cells  were  evaluated 
for  each  sample.  Apoptosis  was  assessed  with  a  flow  cytometry- based 
terminal  deoxynbonudeoUde  transferase-mediated  nick-end  labeling 
(TUNEL)  assay  processed  with  an  APObromodeoxyuridine  (AFO-BrdUrd) 
staining  kit  (Phoenix  Flow  Systems,  San  Diego,  CA);  this  assay  was  modified 


as  previously  described  (25),  Cells  treated  with  DMSO  were  used  as  a 
negative  control  and  for  a  positive  conorol  we  used  the  1IL-60  leukemic 
cells  treated  with  camplothecm  provided  with  the  Irit 

Establishment  of  resistant  cell  line*  Ibe  H46G  cell  cultures  were 
continuously  exposed  Lo  eriotinib  (10  pinol/L)  in  routine  culture  medium 
that  was  replaced  every  day  for  5  months.  Initially.  H46Q  cell  numbers  were 
substantially  reduced*  and  for  the  next  2  months,  the  surviving  cells  were 
passaged  approximately  every  10  days  with  a  seeding  ratio  of  1J2  Cdl 
proliferation  slowly  increased  to  allow  a  passage  every  7  dap  with  a  seeding 
ratio  of  1:4  over  the  next  2  months.  A  stable  growth  rate  was  reached  after  a 
total  of  5  monlhs  with  routine  maintenance  of  the  H460/TKLR  cells 
involving  passage  every  4  days  with  a  seeding  ratio  of  I  S  of  the  confluent 
cell  number, 

Subeellular  fractionation*  The  following  procedures  were  done  at  4*C. 
Cells  were  scraped  into  PBS  [10  mmol/L  sodium  phosphate  (pH  7,4)  and 
150  mmol/L  NaCl]  and  then  collected  by  centrifugation,  Cdl  pellets  were 
resuspended  with  1  ml  of  hypotonic  buffer  [10  mmol/L  Tris-tlCI  (pH  7.5). 

1  mmol/L  MgCI*  50  pg/mL  leupeptin*  1  mmol  A,  phenylmethylsulfbnyl 
fluoride*  and  1  mmol/L  Na^VO*];  10  minutes  later,  the  cells  wore  transferred 
to  a  Dounce  homogenizcr  and  further  disrupted  by  25  strokes  with  a  tight- 
fitting  pestle.  The  homogenate  was  adjusted  to  the  Indicated  NaCl 
concentration  from  a  5  mol/L  stock  solution,  and  nuclei  were  removed 
by  centrifugation  at  1,700  x  ^  for  5  minutes.  The  postmidear  supernatant 
was  centrifuged  again  at  10.000  rpm  for  20  minutes  to  remove  the 
mitochondrial  fraction;  die  postmitocliondrial  supernatant  was  centrifuged 
at  45,000  for  60  minutes.  The  supernatant  fraction*  representing  the 
cytosolic  fraction,  was  adjusted  to  1%  NF40  from  a  10%  stock  solution. 
The  pellet  representing  the  plasma  membrane  fraction,  was  gently  rinsed 
with  1  mi  FBS  and  then  resuspended  in  I  mL  hypotonic  buffer  containing 
1%  NP40. 

Ijn m u nob! a ttiug  and  crriinnauiiopredpft  alien,  NSCLC  cells  (3  x  IQ6 
cells/ 100  mmJ  dish)  were  either  left  uninfected  or  infected  with  Ad-EV 
(50  pfu/ceU)  or  Ad*$urvtvm  (50  pfu/cdl)  and  then  left  untreated  or  treated 
with  various  concentrations  of  eriotinib  (0.1-10.0  pmol/L).  AG  1024 
(5.0  prool/L),  LV294002  (lELO  pmol/L),  PD9B059  (1 0.0  pmol/L).  rapomycm 
(1.0  pmol/L),  or  their  combinations  in  growth  medium  that  was  changed 
doily.  When  growth  factor  stimulation  was  dene*  cells  were  cultured  in 
serum -free  medium  for  1  day  and  then  incubated  in  EGF  (50  ng/mL)  or  IGF 
(50  ng/mL)  for  15  minutes.  For  the  small  interfering  RNA  (ilRNA) 
transfection.  11460  cells  in  the  logarithmic  growth  phase  in  six- well  plates 
(5  x  10s  edis  per  well)  were  transfected  with  10  pL  of  20  pmol/L  survivin 
sLRNA  or  control  scrambled  siRNA  (Dharmacon  Research,  lafayeue.  CO) 
using  LipofectAMlNE  2000  (Invitrogen.  Carlsbad,  CA).  according  to  the 
protocol  of  the  manufacturer.  After  24  hours  of  incubation  in  growth 
medium*  eriotinib  was  added,  and  the  cells  were  harvested  after  3  days  of 
incubation.  Immunopredpiuiions  were  done  using  3  mg  protein  from  the 
total  colt  lysates  and  1  pg  mouse  monoclonal  anti-EGFR  antibod);  mouse 
monoclonal  anti-1  GF-IR  antibody  (Oncogene  Sciences,  UniondaJe*  MY),  or 
healthy  prcimmunc  scrum  anti -mouse  for  the  negative  control  and  by 
incubating  overnight  at  4rC.  The  Lmmunocomplexes  were  precipitated 
with  protein-G  agarose  (Phannacia-LO  Biotechnology,  PiscaUwav.  NJ), 
The  im  mu  noprecipitates  were  resolved  on  6%  SDS-PAGE  gels,  followed  by 
Western  blotting  as  described  elsewhere  (25). 

Metabolic  labeling.  Metabolic  labeling  was.  done  with  H460  and  TK1-R 
cells  (5  x  10*  in  six-well  plates),  Cells  were  washed  in  PBS  and  incubated  in 
RPMl  medium  without  methionine  and  cysteine  (Sigma,  St  Louis,  MO)  for 

2  hours.  Next  the  medium  was  replaced  with  fresh  medium  containing 
methionine  and  cysteine,  to  final  concentrations  of  150  mg/h  and  the  cells 
were  labeled  with  trans-3^  (0.5  mD;  ICN.  MP  Biomedicals.  Inlne.  CA).  The 
cells  wore  then  treated  with  0.1%  DMSO  or  eriotinib  (ID  pmol/L)  for  I.  3,  6, 
12,  and  24  hours.  At  harvesting  times,  the  cells  were  washed  in  ice-cold  PBS 
and  lysed  in  radioininmnopredpitation  assay  buffer.  Lysates  containing 
equal  amounts  of  protein  (100  pg)  were  inununopredpitated  using  1  pg  of 
antibody  to  detect  EGFR  or  1  pg  of  antibody  to  detect  survivin  (both  from 
Santa  Crui  Biotechnology)  and  30  pL  of  50%  slurry  of  protein  G  agarose 
beads  (Pharmacia- LKB  Biotechnology,  Piscataway,  XJ).  The  immunapreci- 
piutes  were  washed  five  times  with  lysis  buffer,  separated  by  SDS-PAGE, 
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and  analysed  auiofluoregraphically.  Cell  extracts  were  also  subjected  to 
Western  blot  analysis  for  0-actin  to  ensure  that  equal  amounts  of  pmiein 
had  been  used.  Two  independent  experiments  were  done  with  similar 
results:  representative  results  of  one  experiment  are  presented, 

Northern  blot  analysis.  H460  cells  (J  *  10*  in  10  mm1  plates)  were 
treated  with  eriotinib  (10  praoJ/L}  for  different  times  [0,  24,  4&  and 
72  hours).  The  total  cellular  RNA  was  isolated  by  the  application  of  TFU^ol. 
For  the  Northern  binning.  10  pg  of  the  total  cellular  RNA  prepared  from 
each  sample  was  subjected  to  electrophoresis  on  a  1%  agarose  gel 
containing  2%  formaldehyde  and  then  stained  with  ethidium  bromide, 
photographed  transferred  to  ft  Z  probe  membrane  (Bio-Rad  Laboratories), 
and  hybridised  to  on  [a-®P]dCTP-labeled  EGFR  cDNA  probe. 

In  vivo  model.  The  effect  of  the  combination  of  eriotinib  and  Ad-dnIGF- 
IR  on  published  sx.  tumor  nodules  was  studied  In  athymic  nude  mice 
(Marian  Sprague  Dnwiey)  in  a  defined  pathogen- tree  environment.  Briefly, 
6-weck-old  female  nude  mice  were  irradiated  with  350  rad  from  a  cesium- 
137  source  and  then  were  injected  5.C.  with  1  x  107  HI 299  cells  in  100  pL  of 


growth  medium  at  a  single  dorsal  site.  The  mice  were  randomly  assigned 
to  one  of  four  treatment  groups,  with  each  group  containing  eight  mice. 
Group  1  (control  mice)  received  1*  PBS  and  Ad-EV.  group  2  received 
eriotinib  and  Ad-EV.  group  3  received  1  x  PBS  and  Ad-dnIGF-IR,  and  group 
4  received  eriotinib  and  Ad-dnlGF-lR.  Tdmor  growth  was  quantified  by 
measuring  the  tumors  in  three  dimensions  with  calipers  for  a  total  of 
35  days.  After  the  tumor  volumes  reached  -  75  mm5  (considered  day  0),  the 
mice  were  treated  with  p.o.  administered  eriotinib  (100  mg/kg  of  body 
weight)  twice  a  day.  We  chose  this  dosage  of  eriotinib  because  it  had  had  no 
notable  effect  on  Hi  299  tumor  growth  in  preliminary  experiments  (data  not 
shown).  On  day  23,  when  tumor  volumes  reached  -  1 25  mm1,  each  mouse 
was  given  a  single  mtratumorel  injection  of  2  *  10*  particles  of  Ad-dnlGF- 
1R  or  Ad-EV  in  100  pi  of  PBS.  Mice  with  necrotic  tumors  or  tumors  £1.5  cm 
in  diameter  were  euthanized  immediately  The  results  were  expressed  as 
the  mean  tumor  volume  (n  ■  5)  with  95%  confidence  Intervals  (95%  Cl).  On 
day  35,  fill  mice  were  sacrificed  and  tumor  tissues  were  collected  from 
the  xenografts  to  determine  whether  the  combination  of  eriotinib  and 
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Figure  f*  A,  the  MTT  assay  in  NSClC 
call  lines  (H460,  Hi  299,  H6G1,  A596,  A549. 
H2268,  H226Br,  H322,  and  H35B)  treated 
with  the  indicated  concentrations  of  eriotinib 
in  RPMI 1640  containing  10%  FBS  or  EGF 
tor  3  days  8 ,  clonogenic  survival  assay 
ol  H460  and  H322  cells  treated  with  the 
indicated  concentrations  of  ortotinib. 

C.  anchorage-irdapandent  growth  assay 
ot  cells  treated  with  the  indicated 
concentrations  of  eriobnib.  In  (A-C), 
independent  experiments  ware  repeated 
thrice.  Columns,  mean  of  eight  (A)  or 
three  (3  and  O  identical  wells  of  a  single 
representative  axpeninent;  bars,  upper 
95%  Ci;  "  P  <  0.01;  ”\  P  <  0.001 .  tor 
comparisons  between  eriotinib-treated  and 
control  cells.  D.  effects  of  the  mdxaled 
concentrations  tit  eriotinib  on  apopiosts  m 
H322.  H460,  and  Hi  299  NSCLC  cells, 
assessed  try  a  modified  TUNEL  assay.  From 
a  single  represen tamre  experiment  (n  -  2). 
Et  effects  of  the  indicated  concentrations 
ol  eriotinib  or  apoptosis- related  enzyme 
expression  in  H322  and  H46Q  NSCLC  cells. 
The  expression  ol  caspase-3,  PARR,  and 
pectin  was  assessed  tsy  Western  bkjtiing. 
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Ad-dnIGF-IR  mdtiood  apoptosis  m  vivo  by  Western  blot  and  immunohis- 
tochemlcai  analyses  as  previously  described  (23). 

Statistical  analyse*.  The  data  acquired  from  the  MTT  assay  were 
analysed  using  Students  t  test.  All  means  and  95%  Cls  from  eight  samples 
were  calculated  using  Microsoft  Excel  software  (version  50;  Microsoft 
Corporation,  Seattle*  WA),  Cell  survival  comparisons  among  groups  and 
statistical  significance  of  differences  in  tumor  growth  in  the  combination 
treatment  group  and  in  the  tingle-agcm  treatment  groups  were  analyzed  by 
ANOVA  for  2  *  2  factorial  design  All  means  from  triplicate  to  eight  samples 
and  95%  Cis  were  calculated  using  SAS  software  {release  8,02-  SAS  Institute, 
Cary.  NC).  In  all  statistical  analyses,  two-sided  P  values  of  <0.05  were 
considered  statistically  significant. 

Results 

Differential  apoptotic  responses  of  NSCLC  cells  after 
treatment  with  eriotwib*  To  lest  the  effects  of  EGFR  TKIs  on 
NSCLC  cell  proliferation,  a  subset  of  NSCLC  cell  lines  (H460,  H1299, 
H66L  H596,  H226B*  H226Br,  A549,  H322,  and  B35S)  was  treated 
with  erlotinib  in  regular  growth  medium  ©on taming  109b  FBS  or  in 
serum- free  medium  containing  EGF*  A  MTT  assay  revealed  that 
erlotinib  has  different  levels  of  antiproliferative  activities,  depend¬ 
ing  on  cell  lines  (Fig*  1A):  Compared  with  the  other  NSCLC  cell 
lines,  H322  and  H358  cells  were  more  sensitive  to  the  erlotinib 
treatment  (P  <  0.001}*  Approximately  1  gmol/L  erlotinib  signifi¬ 
cantly  inhibited  proliferation  of  H322  and  H35S  cells  after  72  hours 
of  treatment  In  contrast  the  drug  concentrations  required  to 
inhibit  cdl  growth  by  50%  for  H460,  H1299,  H661,  H5%,  H226B, 
H226Br,  and  A 549  cells  were  10  to  20  times  higher  than  those 
needed  to  inhibit  H322  and  H358  cells*  Consistent  with  the  results 
from  the  MTT  assay,  erlotinib  only  slightly  affected  the  anchorage- 
dependent  and  anchorage-independent  colony-forming  abilities 
of  H460  and  H1299  cells  (data  not  shown)  at  concentrations 
<1  pmoI/L*  a  concentration  that  significantly  inhibited  those 
abilities  of  H322  (P  <  0*001:  Fig  IB  and  C:  P  <  0.001)  and  HS5S  (daU 
not  shown)  cells. 

We  next  asked  whether  the  ability  of  I  pmol/L  erlotinib  to  inhibit 
H322  and  H358  cell  proliferation  was  due  to  decreased  cell  cycle 
progression  and/or  increased  apoptosis.  Flow  cytometric  an  alms 
of  propidium  iodide  ^stained  H460,  H1299,  and  H322  cefts  reveal  ed 
that  treatment  with  1  pmol/L  erlotinib  for  3  days  resulted  in  no 
marked  change  in  the  cell  cycle  distribution  (data  not  shown). 
However,  fluorescence-activated  cell  sorter  analysis  followed  by 
terminal  deoxynudeotidyl  transferase- mediated  dUTF -biotin  nick- 
end  labeling  (TUNEL)  staining  revealed  induction  of  apoptosis  in 
30.4%  of  the  H322  cells  treated  with  I  pmol/L  eriotinib.  In  contrast* 
treatment  with  up  to  10  pmol/L  erlotinib  did  not  delectably 
increase  the  apoptotic  population  of  HI 299  and  H460  cells 
(Fig.  W),  In  agreement  with  these  findings*  the  protein  levels  of 
the  active  form  of  caspase-3  (Ac-caspase-3)  and  the  cleaved  form  of 
po!y(ADP-ribose)  polymerase  (PARR;  el-PARP*  the  89  kDa  fragment) 
increased  in  the  H322  cells  treated  with  >0.1  pmoL'L  erlotinib  but 
not  in  the  H460  cells*  even  after  treatment  with  ID  pmol/L  erlotinib 
(Fig,  IE).  H35S  cells  also  responded  with  apoptosis  to  similar 
concentrations  of  erlotinib  (data  not  shown).  Together,  these 
findings  indicated  the  presence  of  mechanisms  that  affect  the 
response  of  NSCLC  cells  to  erlotinib- mediated  apoptosis* 

Role  of  IGF-IR  signaling  pathway’s  in  the  development  of 
resistance  Jo  erlotinib  treatment  in  NSCLC  cells*  To  investigate 
the  mechanisms  involved  in  the  sensitivity  of  NSCLC  cells  to 
erlotinib*  we  first  tested  whether  erlotinib  successfully  blocks 
activation  of  EGFR  and  its  downstream  mediators  in  NSCLC  cell 


lines*  Figure  2A  shows  that  0.1  to  1.0  jimol/L  erlotinib  suppressed 
the  levels  of  phosphorylated  EGFR  (pEGFR),  phosphorylated 
Akt  (pAkt).  and  phosphorylated  p 44/42  MAPK  (pp44/42  MAPK) 
in  H46G  and  H1299  cells  (cell  lines  that  are  weakly  sensitive  to 
erlotinib)  and  H322  and  H358  cells  (cell  lines  that  are  very  sensitive 
to  the  drug).  However,  comparable  induction  of  pAkt  and  p44/42 
MAPK  was  evident  in  H460  and  HI 299  cells  after  treatment  with 
>5.0  pmoI/L  erlotinib,  doses  that  induce  apoptosis  in  most  of  the 
H322  and  H358  cells.  pAkt  and  p44/42  MAPK  are  located  in  the 
nodaJi  points  of  growth  factor- mediated  cdl  survival  signaling,  and 
the  IGF-IR  pathway  can  modulate  the  action  of  the  crbB  family 
blocking  agents  in  various  cancer  cells  (25-27).  Hence*  we  tested 
whether  IGF-IR  was  involved  in  increases  in  pAkt  and  p44/42 
MAPK,  Indeed,  erlotinib  concentrations  >5.0  pmol/L  induced 
phosphorylated  IGF-IR  (pIGF-IR)  in  H460  and  H1299  cells  but 
not  in  H322  and  H353  cells. 

We  then  studied  the  influence  of  IGF-IR  signaling  pathways  on 
the  response  of  NSCLC  cells  to  erlotinib.  H460  cells  exhibited 
significantly  decreased  proliferation  and  anchorage -dependen  t  and 
anchorage-independent  colony-forming  abilities  when  the  cells 
were  treated  with  erlotimb  in  serum-free  medium  compared  with 
when  they  were  treated  in  the  presence  of  IGF-L  B322  cells, 
however,  showed  statistically  significant  sensitivity  to  erlotinib  in 
aD  conditions  (Fig*  2 B\  suggesting  thaL  the  induced  activation  of 
the  IGF-IR  signaling  pathway  allows  NSCLC  cells  to  survive  and 
proliferate  when  the  EGFR  pathway  is  blocked  by  erlotinib 
treatment 

To  test  our  hypothesis*  we  compare  the  effects  of  erlotinib*  either 
single  or  in  combination  with  AG  1 024*  an  IGF-IR  TKL  on  the 
proliferation,  clonogenic  survival  ability*  and  apoptosis  of  H460 
cells*  AG  1024  has  shown  significantly  lower  affinity  for  the  insulin 
receptor  than  for  the  JGF-IR  (26).  Combined  treatment  with 
erlotinib  and  AG  1024  Energetically  enhanced  the  antiproliferative 
effects  of  erlotinib  on  H460  cells  compared  with  single  treatment 
with  each  drug  when  cultured  in  complete  (FBS)  or  serum-free 
medium  in  the  absence  or  presence  of  IGF  (P  <  0.001;  Fig.  2C; 
Supplementary  Table  S3).  Erlotinib  also  showed  significantly  en¬ 
hanced  antiproliferative  properties  in  H460  cells  infected  with  an 
Ad-dnIGF-IR  compared  with  the  control  cells  infected  with 
Ad-JEV  (P  <  0*001;  Fig*  2D)*  Moreover,  combined  treatment  with 
erlotinib  and  AG  1024  (Fig*  2E)  or  Ad-dnIGF-IR  (Fig.  2F)  signifi¬ 
cantly  suppressed  the  anchorage -depen  dent*  colony- -forming  abiliLy 
of  H46Q  cells  (P  <  0*001;  Supplementary  Table  S2),  Furthermore, 
TTJNEL  staining  and  flow  cytometric  analysis  revealed  that  —  1%  of 
control  1 1460  cells*  1.296  of  eriotinib-treated  cells,  and  26%  (95%  Cl, 
14*3-37.6%,  P  <  0.05)  of  AG  1024- treated  cells  underwent  apoptosis. 
In  contrast*  combined  treatment  with  both  erlotinib  and  AG  1 024 
significantly  enhanced  TUNEL  staining  (77.1%;  95%  Cl,  64*4-89,8%: 
P  <  0*001;  Fig*  2G)  and  induced  cleavage  of  the  1 13-kDa  PARP  to  the 
S9-kDa  fragment  in  parallel  with  the  concomitant  decreases  in  the 
levels  of  pIGF-IR*  pAkt,  and  p44/42  MAPK  (Fig.  2 If).  These  findings 
suggest  that  the  IGF-IR  pathway  provides  an  alternative  prolifer¬ 
ation  and/or  survival  mechanism  for  NSCLC  cancer  cells  in  which 
EGFR  is  blocked  by  erlotinib. 

Evidence  of  increased  heterodjmeri nation  and  membrane 
localization  of  IGF-IR  and  EGFR  in  erlotinib* treated  H460 
cells.  We  investigated  the  mechanism  underlying  NSCLC  cell 
resistance  to  erlotinib  using  in  vitro  model  of  the  H460  cell  line 
(H460/TKLR)  that  had  been  continuously  treated  with  erlotinib. 
Treatment  with  >10  pmol/L  erlotinib  decreased  the  number  of 
H460  cells*  but  proliferation  of  the  remaining  cells  gradually 
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increased  after  3  months  of  erlotinib  treatment  Compared  with  the 
parent  H46Q  cells,  the  H460  cells  treated  with  10  pmol/L  eriotuiib 
for  5  months  (H460/TK2-R)  had  higher  levels  of  pJGF-IR,  pAkt  and 
Pp44/42MAFK,  with  no  detectable  differences  in  the  expression  of 
IGF'tR*  Akt  and  p44/42MAPK  (Fig*  14).  The  dose-response  curves 
in  Fig.  15  revealed  no  detectable  cytotoxicity  from  erlotinib 
treatment  of  the  H46G/TXI-R  cells  up  to  a  concentration  of 
20  pmol/L,  whereas  Inhibition  of  IGF-IR  activation  by  the  AG  1024 
treatment  induced  greater  antiproliferative  effects  on  the  H460/ 
TJQ-R  cbUs  than  it  did  on  the  H460  cells.  Moreover,  compared  with 
a  single  agent,  combined  treatment  with  erlotinib  and  AG  1024 
significantly  suppressed  the  anchorage-dependent,  colony-forming 
ability  of  H460/TJG-R  as  well  as  H460  cells  {P  <  0.001;  Fig*  3C). 
The  effects  of  combined  treatment  with  erlotinib  and  AG  1024  on 
colony  formation  wfas  greater  in  B46G/TKI-R  ceUs  than  in  H460 
cells,  indicating  the  dependence  of  H460/TK1-R  cells  on  the  IGF-IR 
signaling  pathway  for  maintaining  cell  proliferation  and  tumori- 
genic  potential. 

We  Investigated  the  mechanism  of  erlotinib- mediated  activation 
of  1GF-1R  in  H460  cells.  One  mechanism  by  winch  the  growth  factor 
receptor  is  activated  in  tumor  cells  is  by  receptor  dimerization; 
another  is  by  overwhelming  negative  regulatory  mechanisms  that 
suppress  receptor  activation.  Recent  studies  have  revealed  the 
interaction  between  the  ErbB  receptor  families  and  IGF-IR  in 
several  tumor  models,  including  breast  cancer  and  oral  cancer  cell 


lines  (19, 28-32).  We,  therefore,  tested  whether  EGFR  interacts  with 
JGF-IR  in  H46Q/TKI-R  cells  by  performing  immunoprecipitation. 
EGFR  immunopredpitates  from  H460/TKTR  cells  showed  greater 
IGF-IR  binding  compared  with  that  from  the  parental  H460  cells 
(Fig.  ZD\  Control  immunoprecipiiatas  using  preimmune  serum 
exhibited  no  immun  a  reactive  band,  'Hie  interaction  between  EGFR 
and  IGF-IR  was  observed  as  early  as  30  minutes  after  the  erlotinib 
treatment  (Fig*  3£),  In  contrast  no  detectable  change  was  observed 
in  the  levels  of  EGFR-EGFR  or  EGFR-ErbB2  interaction  in  H460 
cells  treated  with  erlotinib  for  3  days  (Fig.  3 F,  top).  Similarly, 
IGF-1K  immunopredpitates  from  erlotinib- treated  11460  cells 
showed  greater  levels  of  EGFR  binding  than  untreated  cells  did 
(Fig*  3iv  bottom),  whereas  no  detectable  binding  was  observed 
when  the  IGF-IR  immunopredpitates  were  immunoblotted  to 
ErbR2  or  ErbR3.  Increased  EGFR/1GF-IK  heterodimcmatiori  was 
also  observed  in  H1299  cells  treated  with  10  pmol/L  erlotinib 
(Fig*  3G)*  In  contrast,  the  EGFR  and  control  (preunmune  serum) 
immunopredpitates  from  untreated  or  erlotimb-treated  H322  cells 
exhibited  no  immuno reactive  band.  These  results  suggested  that 
erlotinib  induces  physical  contact  between  EGFR  and  IGF-IR,  which 
is  accumulative. 

Erlotinib  treatment-induced  expression  of  survivtn  protein 
protects  NSCIC  cells  from  apoptosis.  We  next  attempted  to  find 
evidence  connecting  erlotinib- Induced  activation  of  the  IGF-IR 
with  survival  of  NSCLC  cells.  Because  the  inhibitor  of  apoptosis 
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Figure  2,  A.  Immunoolotting  of  the  EGFR,  IGF-IR,  and 
their  downstream  signaling  components  in  NSCLC  cells 
1  reared  with  indicated  wneentratJOns  of  ertotinib.  Western 
blotting  on  f>-act  in  is  included  as  a  loading  cortf  rof.  8.  role 
of  the  IGF-)  on  the  proliferation  and  survival  of  NSCLC 
cells.  Left,  MTT  assay  in  H46Q  and  H322  cells  incubated 
in  the  serum-free  medium  without  ( SF)  or  with  IGF -I 
(50  ng/mLj  m  the  presence  ot  indicated  concentrations 
of  erlotinib  for  3  days*  Mfcbte  and  ngftr,  efficacy  ot 
the  Indicated  concent  rations  of  ©riot  into  in  inhibiting 
anchorage-dependent  and  anchorage-independent  growth 
Of  H4$0  and  H322  cells,  respectively,  m  serum-tree 
and  )GF -dependent  conditions. 
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proteins,  including  survivin  and  XIAP,  decrease  the  sensitivity  of 
tumor  cells  to  chemotherapeutic  drugs,  thereby  conferring 
resistance  to  apoptosis  (21.  33).  we  tested  the  effects  of  eriotinib 
on  the  expression  of  these  proteins  in  a  subset  of  NSCLC  cells  with 
weak  or  great  sensitivity  to  erlotinib.  We  found  that  expression  of 
survivin  but  not  XIAP  markedly  increased  in  H1299,  H460,  H66L 
A549,  A596,  and  226B  cells  (Fig.  41  top)  during  the  time  IGF-1R 
was  phosphorylated  by  the  erlolinib  treatment  (Fig.  4 1  bottom).  In 
contrast.  H356  and  H322  cells  showed  no  detectable  changes  in  the 
protein  levels  of  survivin,  XIAP,  and  pIGF-IR  during  the  tune  EGFR 
was  inactivated  by  erlotinib  treatment.  Erlotinib  induced  survivin 
expression  in  a  time-  and  dose -depen dent  manner  (Fig,  4£). 
Interestingly,  a  similar  but  less  pronounced  increase  in  EGFR 
expression  was  observed  in  H1299,  H460,  H66],  A549.  H596  I1226Br, 
and  H236B,  H460/TKI-R  cells  but  not  in  H35S  and  H322  cells. 
Increases  in  the  surrivin  and  EGFR  expression  were  also  observed 
in  H460/TKRR  cells  (Fig.  4 C). 

We  then  tested  the  response  of  H460  cells,  in  which  survivin 
expression  was  abolished  by  siRNA  transfectioa  Western  blot 


analysis  revealed  an  obvious  increase  in  PARP  cleavage  in  the  460 
cells  by  the  treatment  with  erlotimb  (Fig.  4Z>).  Among  H322  cels,  in 
which  survivin  ove regression  was  induced  by  the  infection  with 
Ad'Sunivm,  the  PAR?  cleavage  was  substantially  reduced  after  the 
erlotinib  treatment  (Fig.  4£).  These  results  indicated  that  increased 
expression  of  survivin  protein  protected  NSCLC  cells  from  the 
erlotinib-induced  apoptosis, 

ml  OR  pathway  induces  de  novo  protein  synthesis  of  EGFR 
and  survivin  and  protects  NSCLC  cells  from  apoptosis.  We 

investigated  the  mechanisms  of  erlotinib- mediated  increase  in 
survivin  and  EGFR  protein  expression.  According  to  Northern  blot 
analysis,  exposure  of  H460  cells  to  erlotinib  resulted  in  no  change  in 
the  mRNA  levels  of  survivin  (Fig.  SA)  and  EGFR  (data  not  shown). 
We  then  determined  the  effects  of  erlotimb  on  the  rates  of  survivin 
and  EGFR  protein  synthesis.  Metabolic  labeling  of  the  H460  cells 
with  [^SlMet-Cys  revealed  that  the  rate  of  [^S]labeled  survivin 
(Fig,  5S)  and  EGFR  (data  not  shown)  synthesis  was  remarkably 
greater  in  the  erlotinib  treated  H460  and  H46G/TK1-R  cells  than  in 
Lhe  untreated  parental  H460  cells.  We  then  determined  whether 


Figure  2  Canonised.  C  and  D,  effect  of 
targeting  both  lhe  EGFR  and  the  IGFR4R 
on  ceil  proliferation.  MTT  assay  in  H460 
celts  uninfected  (C)  or  infected  with  5  or 
10  infectious  forming  unrt  of  Ad-EV  or 
Ad-dnlGF-IR  {D)  and  treated  with  indicated 
concentrations  of  erlotinib,  AG  1024,  or 
their  combination  in  serum-free  RPMl  1640 
containing  10%  FBS  or  IGF  (50  ng/mL)  for 
3  days.  E  and  Ff  survival  of  H46Q  celts 
treated  with  erlotinib  (S  ^utksI/LJ,  AG  1024 
(5  lunaVL}.  or  their  combination  (£),  or  cells 
infected  with  10  pfu/cell  oi  Ad-EV  or 
ArFdnlGF4R  and  then  untreated  or  treated 
with  erlotinib  (5  F)  were  assessed 

by  counting  colonies  consisting  of  >50  colls 
after  1 0  nays  of  growth.  £3  and  H,  effects  of 
5  pmol/L  erlolinib,  S  pmol!  AG1D24,  or 
their  combination  on  apoptosis  (G)  and 
expression  of  pEGFR,  pIGF-IR,  pp44/ 
42MAPK,  and  pAkl  (JY)  were  analyzed  in 
H460  calls  by  a  flow  cytometry-based 
TUN  EL  assay  and  Western  bkrtting.  3-Actm, 
loading  central.  Columns ,  mean  value  of 
eight  {MTTTj  or  three  {donogemc  growth 
assay  and  TUNEl  assay)  identical  wells  of  a 
singfe  representatve  experiment  (rt  =  3); 
bars,  upper  95%  Cl  (B-G).  P  <  D.Q01 
for  comparisons  belween  cell*  treated  with 
drug  combination  and  ceils  treated  with 
single  agent. 
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mTOR  is  involved  in  the  eriotimb-induced  protein  synthesis  of 
survivin  and  EGFR  by  determining  the  levels  of  phosphorylated 
4E-BP1  and  downstream  mediators  of  mTOR  (27,  34),  in  the 

H460  cells  treated  with  edotinib  alone  or  in  combination  with 


rapamycia  an  mTOR  inhibitor*  or  AG  1024  for  3  days.  Western 
blot  analysis  revealed  that  edotinib  up-regulated  the  protein 
levels  of  p4E-BPl,  ppTO^  In  association  with  increases  in 
survivin  and  EGFR  expression,  all  of  which  were  suppressed  by 
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Figure  3,  A  Western  blot  analysis  or  indicated 
protein  expressions  in  H460  and  H46Q/TKI- 
re&Lstanl  {K460TTK1-R)  cells,  B,  MIT  assay  on 
the  proliferation  of  H460  and  H46&TKFR  ceils 
treated  with  erlotinib  (1-20  ^mol/L)  or  AG  1054 
(MO  pmolA).  Cells  treated  with  0,1%  DMSO 
were  included  as  a  control  (0),  C*  survival  of 
H460  and  H46Q/TKI-R  cells  treated  with  edotinib 
(5  jimd/L),  AG  1024  (5  jimoVL)*  or  their 
combination.  Columns,  mean  value  ol  eight 
(MTT)  or  three  (cksnogenic  assay)  identical 
wells  of  a  single  representative  experiment 
(n  =  3);  bars,  upper  35%  Cl  {A  and  S). 

P  <  0,001  compared  with  control. 

D  to  G.  colmmdrtopreapitBtbn  was  done 
tor  the  interaction  betwuen  EGFR  and 
IGF-IR.  Whole-cell  extracts  from  H460  and 
H46Q/TKI-R  cells  (D)  or  H460  colls.  H1299, 
and  H322  ceils  unseated  or  treated  with  erlotinib 
(10  unioL/L)  for  30  minutes  (£)  or  3  days 
(E*G)  were  immunoprecipitated  (/P)  with 
antPEGFR  or  amMGF-IR  antibodies.  The 
imm unopredpitates  were  subjected  to  Western 
blot  analysis  with  indicated  antibodies.  Input 
(PC)  represents  cell  lysates  that  were  not 
subjected  to  immunoprectpitation,  Control 
immunpp*acipitfltion  was  done  using  control 
mouse  preimmuna  serum  (PS), 


Cancer  Res  2006;  66:  (2D).  October  15*  2006 


10106 


www.aacrjoumals.org 


tGF-lR/EGFR  Heterodimer  induces  Resistance  to  EGFR  TKt 


Figur*  4.  A  and  3,  Western  Dk>(  analyst 
on  the  survivln.  XlAP,  ptGHR,  JGFWR, 
pEGFR.  EGFR  protein  expression  in 
md>cated  NSCLC  cell  lines  treated  with 
erlotinib  fl-10  iimol/L)  lor  1  (0)  or  3  {A  B) 
days,  C,  Western  btoi  anatysis  on  the 
Survivin  and  EGFR  protein  in  H460  TKI/R 
celts.  D,  eflect  of  the  knockdown  of  survivin 
axpreseion  on  H46G  cells  In  ihe  presence 
Of  eriomip.  H460  cells  transfected  with 
scramble  (serf  or  survivin  siRNA 
(Sr-SLrrwvwi),  untreated  and  treated  lor 
43  hours  with  eriotinlb  (10  MJftOl/L),  were 
subjected  to  protein  extraction  and  Western 
blotting  for  evaluation  of  caspase-3 
(pro"caspasa“3}  and  PARP.  Loading  control: 
[*-aciii\.  E.  effects  of  overe^iression  of 
survivin  <n  erbtiniiHrKJuced  apoptosis  in 
H322  cells.  H322  cells  were  Infected  with 
50  pfu/cell  of  control  virus  {Ad -EV)  or 
Ad-survivin  and  incubated  lor  3  days  m  (he 
presence  of  erfobnib  (1  >Lmol/L).  Protein 
extract  was  subjected  to  Western  blotting 
tor  evaluation  of  sunrivin,  caspase-3 
(pn>caspase-3),  and  PAftP,  Loading 
control:  p-actin. 
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treatment  with  AG  1024  or  rapamycin  (Fig.  5C).  Moreover,  the 
combined  treatment  with  AG 1024*  LY294002  (P13K  inhibitor), 
PD98059  (MEK  inhibitor),  or  rapamycin  reduced  the  levels  of 
membranous  EGFR  expression  (Fig,  5D)  and  of  the  EGFR  and 
IGF-IR  heterodimer  (Fig.  5£)  induced  by  the  3  days  treatment  of 
erlotinib.  These  findings  suggested  tliat  the  increases  in  the  levels 
of  EGFR/IGF-IR  heterodimer  on  cell  membrane  and  protein 
expressions  of  survivln  and  EGFR  were  mediated  at  least  in  part 
through  translation' dependent  events  mediated  by  IGF-IR  signal¬ 
ing  pathways.  We  then  tested  whether  inhibitors  of  the  IGF-IR 
and  mTOR  pathways  sensitize  the  H460  cells  to  the  erlotinib 
treatment  H460  cells  treated  with  erlotinib  and  AG 1024  (Fig,  2 G 
and  H)  or  rapamycin  (Fig,  S F)  showed  an  increase  in  the  PARP 
cleavage,  suggesting  that  suppression  of  IGF-IR  and  mTOR 
pathways  could  restore  the  apoplutie  activities  of  erlotinib  in 
NSCLC  cells. 

Antitumor  efficacy  of  dual  targe  ling  of  EGFR  and  IGF-IR 
signaling  pathways  in  vivo.  To  determine  whether  the  inhibition 
of  IGF-IR  signaling  can  enhance  the  antitumor  activities  of 
erlotinib  in  mu,  we  tested  the  effects  of  erlotinib,  Ad-dnTGF-HL 


and  their  combination  on  the  growth  of  H1299  NSCLC  xenograft 
tumors  established  in  alhymic  nude  mice.  The  mice  treated 
with  erlotinib  plus  Ad-dnIGF-JR  showed  synergistic  ally  reduced 
tumor  growth  compared  with  the  control  mice  or  the  mice  treated 
with  erlotinib  or  Ad-dnIGF-JR  alone  (Fig,  M:  Supplementary 
Table  S3).  At  the  end  of  the  study  the  mean  tumor  volume  in 
combined  treatment  group  was  23%  (P  <  0.001)  of  the  mean 
volume  in  the  control  group.  Thus,  the  combination  of  erlotinib 
and  Ad-dnIGF-IR  enhanced  the  antitumor  effects  on  the  growth  of 
NSCLC  cells  in  vivo. 

We  then  determined  the  effects  of  erlotinib,  Ad-dnlGF-lR,  and 
their  combination  on  the  activation  of  the  JGF-IR  and  EGFR,  the 
expression  of  surdvin  and  EGFR,  and  the  induction  of  apoptosis 
in  vivo ♦  According  to  Western  blot  analysis  of  total  protein  extracts 
harvested  from  the  111299  xenograft  tumor  tissues*  the  levels  of 
pEGFR  were  decreased  by  erlotinib.  In  addition,  erlotinib  treatment 
induced  marked  increases  in  the  levels  of  pIGF-IR,  EGFR*  and 
survivia  all  of  which  were  effectively  blocked  by  Ad-dnJGF-IR 
(Fig,  6.0),  Combined  treatment  with  erlotinib  and  Ad-dnlGFTR  also 
increased  the  levels  of  Ac-caspase-3,  which  is  confirm  ed  by  the 
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immunohistoch e mical  staining  of  the  HI 299  xenograft  tumor 
tissues  (Fig.  6C).  Together,  these  findings  suggested  that  the 
combined  treatment  with  erlotinib  and  Ad-dnIGF-IR  exert 
enhanced  in  vivo  antitumor  activities  by  decreased  expression  of 
survivin  and  EGFR  and  induction  of  apoptosis. 

Discussion 

Several  preclinical  and  clinical  discoveries  have  associated  EGFR 
TKls  with  antitumor  activities.  However,  the  limited  response  rates 
of  patients  to  EGFR  TKls,  even  in  patients  with  high  levels  of  EGFR 
(IS.  26,  35\  have  bean  raising  questions  about  the  mechanisms 
Leading  to  the  EGFR  TIG  resistance.  Although  somatic  mutations  of 
the  EGFR  ATP  binding  site  have  been  associated  with  the  response 
to  the  EGFR  TKIs  in  some  cases  (17,  18),  increasing  number  of 
evidence  have  suggested  that  the  presence  of  other  pathways  that 
mediate  the  resistance  of  cancer  cells  to  EGFR  TJQ  therapy  (36,  37). 
In  this  article,  we  have  shown,  to  our  knowledge  for  the  first  time, 
that  erlotinib  induces  survival  of  NSCLC  cells  by  inducing 
heterodimerj cation  of  EGFR/IGF-IR,  activating  IGF-IR  pathway 
and  its  downstream  mediators  Akt  and  pM/42  MAFIC  and  thus 
stimulating  mTOR-medialcd  protein  synthesis  of  survivin  that 
plays  a  crucial  role  in  the  blocking  apoptosis.  We  showed  here  that 
the  blockade  of  the  IGF-JR  to  raTQR  signaling  pathway  was 
sufficient  to  suppress  de  novo  survivin  protein  synthesis  and  to 
restore  apoptotic  activities  of  erlotinib  in  NSCLC  cells  w  vitro  and 
in  vivo.  Our  data  present  clear  evidence  that  crosstalk  between  the 
IGF-IR  and  the  EGFR  signaling  pathways  and  consequential 


survivin  expression  are  involved  in  the  NSCLC  cell  resistance  to 
erlotinib.  The  erbB2/Hcr2/neu.  a  known  preferred  coreceptor  for 
the  EGFR,  has  been  suggested  to  play  a  role  in  inducing  K5CLC  eel] 
survival  against  EGFR  TKls  (28).  However,  we  found  that  the  erbB2/ 
Her2/neu  was  inactivated  by  the  EGFR  TKls  in  NSCLC  cells  (data 
not  shown),  consistent  with  previous  reports  (38),  In  addition,  an 
interaction  between  IGF-IR  and  erbB2  was  undetectable,  regardless 
of  erlotinib  treatment  Therefore,  erbB2/Her2/neu  is  not  likely  to 
have  a  role  in  inducing  EGFR  TK3  resistance  in  NSCLC  cells. 

We  investigated  the  detailed  mechanism  that  mediates  IGF-IR 
activation  by  erlotinib  and  the  consequent  development  of  drug 
resistance.  Given  that  gefitinib -resistant  DU145/TK3-R  prostate 
cells  have  shown  considerably  higher  basal  levels  of  IGF-D  mKNA 
than  wild  type  cells  (19),  erlotinib  might  have  increased  the 
expression  of  IGF  and  conferred  resistance  to  the  drug  to  NSCLC 
cells.  However,  in  gefitinib-resistant  breast  cancer  cell  lines,  the  IGF 
II  mRNA  level  did  not  differ  from  that  of  the  original  done  (19), 
indicating  that  autocrme/paracrine  production  is  not  entirely 
responsible  for  the  sensitivity  of  Lhe  cell  to  EGFR  TKls.  Perhaps 
our  most  striking  finding  was  that  in  H46G  and  H1299  cells, 
erlotinib  induced  heterodimerization  between  IGF-IR  and  EGFR. 
The  interaction  between  EGFR  and  IGF-IR  also  has  been  observed 
in  cancer  cells  (29^31),  Given  the  considerable  similarity  between 
EGFR  and  IGF-JR  in  the  sequence  of  their  extracellular  domain  (39) 
and  their  reliance  on  EGF  and  IGF  to  achieve  cell  cycle  progression 
and  survival  it  is  plausible  that  erlotinib -mediated  3GF-1R/EGFR 
heterodimerization  can  stimulate  intracellular  signaling  compo¬ 
nents  in  a  distinct  pattern  and  allow  NSCLC  cells  to  resist  the  drug 


Figure  5,  A,  Nortnem  blot  analysis  on  uirvtvin  mRNA  In 
H46G  treated  with  edOtinti  (io  for  1 , 5,  or  3  days. 

B ,  survivin  and  EGFR  proiein  syntheses  evaluated  by 
metabolic  labeling  in  untreated  460  colls.  H460  cells 
ireated  with  ertamto  (10  junot/L),  and  H460TKFFI  cells 
Cell  extracts  wore  also  subjected  to  Western  bkri  analysis 
tor  g^actin  to  ensure  thai  equal  amounts  of  proiem  were 
used.  C  expression  ot  phospboryiated  p70S6K  {pp7056*L 
p70S6K,  phosphorylaled  4EBP1  {p4EBP1),  4EBP1, 
survivin  and  EGr  R  In  H460  cells  treated  with  eftotinib 
(10  fimol/L).  either  single  or  In  combination  with  AG1024 
(5  *imol/L)  or  rapamycin  (i  pmol/L),  lor  3  days.  D  and  E, 
effects  of  erlcalnib  in  combination  with  AG1024,  LY294002, 
PD9S059.  or  rapamycin  on  the  plasma  membrane  (PlW) 
localization  of  EGFR  [£?)  and  on  the  interaction  between 
EGFR  and  IGF-IR  {£),  t^Actin,  control  for  cytosol  fraction; 
Na/K  ATPase;  control  for  plasma  membrane  fraction. 

F,  effect  ol  combined  treatment  with  erlotinib  f10  nmolA.) 
and  rapamych  (1  innoVU)  lor  3  days  on  apoptosis  in  H460 
cells.  Protein  extract  was  subjected  to  Western  blotting 
for  the  evaluation  of  pr>caspase-3  and  PARP.  Loading 
control:  H-actn, 
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Figure  6.  Effects  of  combined  treatment  with  erlotinib  and  recombinant  Ad-dniGF-IR  on  growth  ol  Hi  299  NSCLC  xenograft  tumors  in  alhymic  nude  mice.  The  mice 
woro  randomly  assigned  to  one  of  tour  treatment  groups,  with  each  group  containing  five  mice.  Group  1  {control  mice)  reserved  1  x  PBS  and  Ad-EV  group  2  receded 
ertolinib  and  Ad-EV,  group  3  received  1  *  PBS  and  Ad-dnlGF-lR,  and  group  4  received  ertotinlb  and  Ad-dnlGF-IR,  A,  ©fleet  of  ertoMD  {40  mghtg  body  weight, 
administered  p,o,  twice  daily)  on  tumor  volume.  When  rumor  volume  was  - 125  mms,  mtee  were  treated  with  Ad-t G F- 1 R  or  Ad-EV  (control)  in  100  pL  PBS.  Points,  mean 
tumor  volume  fn  =*  5)  with  95S,  Cl;  bars,  SE.  ",  P  <  0*01,  **•,  P  <  0.001  for  companions  between  drug-treated  end  control  cells  for  each  series  of  experiments. 

9,  effects  of  eriotinib  and  Ad<dn[GF-IP  on  the  expression  of  pEGFfi,  EGFR,  plGF-tR,  IGF-IR.  survivin,  and  pro-caspase-S  and  Ac-caspase-3  n  NSCLC  xsnografl 
tumors,  assessed  by  Western  blotting,  p-Actin  *=  loading  controL  C ,  effects  of  combined  erlotinib  and  Ad-IGF-IR  on  expression  of  Ac<aspa$e-3,  Tissues  were 
s!amed  with  HAE,  Representative  section  from  each  condition.  D,  schematic  model  of  resistance  mechanism  to  eriotlnib. 


Previous  studies  have  shown  the  ability  of  erlotinib  to  induce  EGFR 
mRNA  and  protein  expression  in  the  erlotinib -resistant  biliary  tract 
cancer  cell  line  HuCCTl  but  not  in  the  susceptible  A431 
epidermoid  cell  line  (40).  In  current  study  we  found  that  erlotmib 
induces  mTOR-mediated  de  novo  protein  synthesis  of  survivin  and 
EGFR  with  no  detectable  change  in  their  mKNA  levels,  indicating 
diverse  responses  of  different  cancer  cells  to  eriotinib.  Our  results 
may  explain  some  apparently  paradoxical  findings  in  several 
clinical  trials  (41),  in  which  up-regulation  of  pEGFH  was  observed 
after  treatment  of  breast  cancer  patients  with  erlotinib.  In  another 
report,  modifications  of  EGFR  serum  values  during  treatment  of 
NSCLC  seemed  to  reflect  gefitimb  activity,  responding  patients 
showed  decreased  serum  levels  of  EGFR  relative  to  those  in 


patients  with  refractory  disease  (42),  Our  data  also  show  the  critical 
role  of  the  induced  survivin  proteins  in  the  development  of 
resistance  to  erlolinib;  (a)  survivin  expression  was  induced  in 
NSCLC  cell  lines  with  weak  sensitivity  Lo  the  erlolinib  treatment; 
(6)  overexpression  of  survivin  protected  the  sensitive  NSCLC  cells 
from  erlotinib-mduced  apoptosis;  and  (c)  knockdown  survivin 
expression  by  siRNA  provoked  apoptosis  in  NSCLC  cells  with  weak 
erlotinib  sensitivity  mTOR  has  been  known  to  regulate  the 
translation  of  subsets  of  mRNA,  many  of  which  encode  for  proteins 
involved  with  driving  ceil  growth,  proliferation,  and  angiogenesis 
(43).  Therefore,  resistance  and  sensitivity  to  erlotinib  in  NSCLC 
may  be  determined  at  least  in  part  by  the  ability  of  the  cancer  celts 
to  stimulate  mTOR-mediated  synthesis  of  specific  proteins  that 
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have  key  roles  in  cell  proliferation  and/or  survival  and  thus  to 
adapt  to  a  stressful  environment. 

In  summary,  our  findings  provide  definitive  in  vitro  and  in  vivo 
evidence  that  erlotinib  induces  heterodimenzation  of  the  EGFR/ 
IGF-1R  and  stimulates  IGF-IR  and  downstream  pathways,  including 
PBK/Akt  MEK/extracellular  signal -regulated  kinase  (IRK),  result¬ 
ing  in  the  mTOR- mediated  increases  in  EGFR  and  survivin 
proteins.  On  the  basis  of  these  findings,  it  is  plausible  to  suggest 
that  increased  EGFR  proteins  further  enhance  the  interplay 
between  the  EGFR  and  1GFR  on  the  cell  membrane,  resulting  in 
a  further  amplification  of  1GF-IR  to  mTOR  signaling.  In  addition, 
the  increased  survivin  proteins  seem  to  provide  survival  potential 
to  the  NSCLC  cells  against  the  crlotinib  treatment  (Fig. 

Our  findings  have  direct  effect  to  the  treatment  of  NSCLC  with 
erlotinib,  The  data  showing  no  detectable  interaction  between 
EGFR/IGF-JR  in  NSCLC  cell  lines  with  low  levels  of  1GF-LR 
expression  suggests  thai  the  expression  of  IGF-IR  is  an  important 
factor  for  the  EGFR  and  IGF-1R  complex  and  erlotinib  sensitivity. 
Therefore,  IGF-ER  expression  may  serve  as  a  predictor  for  crlotinib 
resistance  in  NSCLC,  IGF-1R  signaling  pathway  also  plays  a  key  role 
in  the  resistance  to  several  therapeutic  drugs  {12,  27,  44-47). 
Overexpression  of  IGF-IR  has  been  observed  in  various  human 
cancers,  including  lung  cancer  (46),  and  is  associated  with  a  poor 
prognosis  (49).  Importantly,  our  unpublished  data  showed  that 


clinical  samples  from  NSCLC  patients  revealed  that  the  majority  of 
EGFR-overexpresstng  samples  showed  correlative  increases  in 
IGF-JR  protein  levels  compared  with  their  paired  normal  counter¬ 
parts  from  the  same  patients.  With  this  prospect,  IGF -IR- targeting 
combination  treatment  may  be  required  when  erlotinib  is  consi¬ 
dered  as  a  therapeutic  agent  for  NSCLC  patients.  Alternatively, 
mTOR  inhibitors  could  confer  benefit  to  erlotinib -resistant 
patients.  In  light  of  this  notion,  we  have  shown  that  combined 
treatment  with  erlotinib  and  inhibitors  of  IGF-IR  or  mTOR 
suppressed  survhnn  and  EGFR  expression,  decreased  proliferation 
of  NSCLC  cells,  and  induced  apoptosis  in  NSCLC  cells  in  vtero  and 
in  vivo .  Further  studies  are  warranted  to  validate  whether  the 
erlotinib  combined  with  inhibitors  of  IGF-IR  or  mTOR  inhibitors 
could  enhance  the  objective  response  and  survival  rates  in  NSCLC 
patients. 
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Identification  of  Insulin-Like  Growth  Factor  Binding  Protein-3 
as  a  Farnesyl  Transferase  Inhibitor  SCH66336 -Induced 
Negative  Regulator  of  Angiogenesis  in  Head  and 
Neck  Squamous  Cell  Carcinoma 

Seung-HyunOh,1  Woo-Young  Kim,1  Jai-Hyun  Kim,1  Maher  N.  Younes,2  Adel  K.  El- Naggar,3  Jeffrey  N,  Myers,2 
Merril  Kies,1  Pinchas  Cohen,4  FadloKhuri,5  Waun  K,  Hong, ’and  Ho-Young  Lee1 


Abstract  The  farnesyl  transferase  inhibitor  (FT!)  SCH 66336  has  been  shown  to  have  antitumor  activities 
in  head  and  neck  squamous  cell  carcinoma  (HNSCC)  in  vitro  and  in  vivo.  However  its  mecha¬ 
nism  of  action  has  not  been  well  defined.  Here,  we  report  that  the  insulin-like  growth 
factor  (IGF)  binding  protein  (1GFBPJ-3  mediates  antitumor  activities  of  SCH66336  in  HNSCC 
by  inhibiting  angiogenesis,  SCH66336  significantly  suppressed  HNSCC  tumor  growth  and 
angiogenesis  via  mechanisms  that  are  independent  of  H-Ras  and  Rho8t  By  inducing  IGFBP-3 
secretion  from  HNSCC  cells,  this  compound  suppresses  angiogenic  activities  of  endothelial  cells, 
including  vessel  formation  in  chorioallantoic  membranes  of  chick,  endothelial  ceil  sprouting  from 
chick  aorta,  and  capillary  tube  formation  of  human  umbilical  vascular  endothelial  cells  (HUVEC). 
Knockdown  of  IGFBP-3  expression  in  HNSCC  cells  by  RNA  interference  or  depletion  of  IGFBP-3 
in  HUVECs  by  neutralizing  antibody  effectively  blocked  the  effects  of  IGFBP-3  secreted  from 
SCH66336 -treated  HNSCC  cells  on  HUVECs,  These  findings  suggest  that  JGFBP-3  could  be  a 


primary  target  for  antitumor  activities  of 
approach  against  angiogenesis  in  HNSCC. 


Despite  advances  in  therapy,  including  surgery,  chemothera¬ 
py,  and  radiation,  the  survival  rate  of  patients  with  head  and 
neck  squamous  cell  carcinoma  (HNSCC)  has  not  improved 
substantially  (!}.  Conventional  treatments  have  targeted 
tumor  cells  alone.  In  patients  with  HNSCC,  however,  the 
primary  tumor  has  metastasized  to  regional  lymph  nodes, 
distant  organs,  or  both  by  the  time  the  diagnosis  is  made 
(2,  3).  Angiogenesis  is  an  essential  step  in  the  transition  of 
a  tumor  from  a  small  duster  of  mutated  cells  to  a  large, 
malignant  growth  and  subsequent  metastasis  to  other  organs 
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and  that  IGFBP-3  is  an  effective  therapeutic 


throughout  the  body  (4-6).  Ji  has  been  hypothesized, 
therefore,  that  the  development  of  agents  targeting  tumor 
angiogenesis  could  be  an  effective  strategy  to  control  and  treat 
various  malignancies. 

Increasing  number  of  evidence  implicate  insulin-like  growth 
factor  (IGF)  binding  proteins  (IGFBP)  in  regulating  angio¬ 
genesis.  IGFBPs  modulate  the  bioacuvity  of  IGFs  by  seques¬ 
tering  JGFs  away  from  their  receptors  in  the  extracellular 
milieu,  thereby  regulating  the  stimulating  anion  of  IGF  on 
angiogenesis  and  invasion  (7).  Some  IGFBPs,  however,  in 
particular  IGFBP*3,  also  have  exhibited  more  active,  IGF- 
independent  antitumor  activities,  which  are  probably  mediated 
by  other  cdl  surface  receptors,  such  as  ihe  type  V  trans¬ 
forming  growth  factor^  receptor  (3-  ]]).  IGFBP-3  has 
recently  been  identified  as  an  IGFrindependeni  inhibitor  of 
vascular  endothelial  growth  factor- induced  endothelial  cell 
proliferation  (12). 

While  searching  for  agents  that  have  antianiogenic  activities 
in  HNSCC  ceils,  we  found  that  farnesyl  transferase  inhibitors 
(FTI),  especially  BCH66336  (Lonafamib,  Sarasar)  that  has 
shown  to  induce  tumor  regression  in  intro  and  in  vivo*  inhibit 
angiogenic  activities  of  HNSCC  cells  by  inducing  IGFBP-3 
expression.  Fils  were  originally  designed  to  inhibit  posttrans- 
lational  activation  of  Ras  by  blocking  famesylati on  (13).  Recent 
studies  suggest,  however,  that  the  cytotoxic  actions  of  FTfs  are 
due  not  to  the  inhibition  of  Ras  proteins  exclusively  but  lo  the 
modulation  of  other  targets,  including  RhoB,  a  G  protein  that 
regulates  receptor  trafficking;  the  centromere-binding  proteins 
CENP-E  and  CENP-F;  and/or  other  proteins  that  have  not 
yet  been  identified  (t4).  Our  results  show  that  SCH66336 
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induced  expression  ofICFBP*3  proiein,  which  in  turn  blocked 
the  PBK/Akt  pathway,  resulting  in  the  induction  of  apoptosis  in 
vascular  endothelial  cells  and  regression  of  HNSCC  tumor 
growth  and  angiogenesis. 

Materials  and  Methods 

Cells,  animals,  and  materials.  Human  HNSCC  cdl  lines  UMS0C3S, 
UMSCC22B,  and  SqCC/Yl,  established  originally  by  Dr  Michael  Reiss 
(Yale  University  New  Haven,  CT)  and  Dr.  lliomas  Carey  (University 
of  Michigan,  Ann  Aibor,  MI),  respectively,  were  obtained  from 
Dr.  Reuben  Lotan  (M.D.  Anderson  Cancer  Center,  Houston,  TX), 
(IS).  Human  non -small  cell  lung  cancer  [NSCLC)  cell  lines  H460, 
Calul,  and  H358  were  purchased  from  the  American  Type  Culture 
Collection  (Manassas,  VA),  These  cells  were  cultured  in  DMEM 
supplemented  with  10%  fetal  bovine  serum  and  antibiotics.  Human 
umbilical  vascular  endothelial  cells  (HUVEC;  Cambrac  BioScience, 
Walkersville,  MD)  were  maintained  in  a  gelatin-coated  dish  in 
endothelial  cell  basal  medium  (Cambrex  BioSdcncc)  containing  en¬ 
dothelial  cell  growth  supplement  at  37  *C  in  a  humidified  environ¬ 
ment  with  5%  COj.  HUVECs  used  in,  this  study  were  from  passages 
2  to  7.  Female  nude  mice,  6  weeks  of  age,  were  purchased  from 
H arl an-$p  ragu e- D a wl ey  [Indianapolis,  IN).  Chick  eggs  were  obtained 
from  Charles  River  Laboratories  (Wilmington,  MA). 

Expression  vectors  containing  pH-ras-Vl2  or  pRhoB-GG  were  Idndly 
given  by  Dr.  George  C.  Prcndergast  (Thomas  Jefferson  University, 
Philadelphia,  PA).  Bovine  serum  albumin,  gelatin,  and  3-(4,5- 
dimcthylthiazoi'2-yl)-£5-diphenyfietrazolium  bromide  were  obtained 
from  Sigma- Aldrich  (St.  Louis,  MO).  IGF-1  and  Des(I-3)IGF  were 
purchased  from  R&D  Systems  (Minneapolis,  MN),  Amicon  Ultra-4 
was  obtained  from  Millipore  Co  (Bedford,  MA).  Cell  culture  insens 
incorporating  PRT  membranes  (6, 4- mm  diameter,  6-&un  pore  size)  and 
24-well  plates  were  from  Costar  (Cambridge,  MA)  Anti-pIGF-lR 
antibodies  were  purchased  from  Cell  Signaling  Technology1  (Beverly, 
MA)  .Antibodies  against  IGFBP-2,  IGFBP-6,  JCF-1R,  H-Ras.  RhoB, 
a-tubulin,  and  anti-ft-actin  were  purchased  from  Santa  Cruz  Biotech¬ 
nology,  Inc  (Santa  Cruz,  CA),  and  anti -CD  31  antibody  was  obtained 
from  BD  PharM ingen  (San  Diego,  CA).  Anti-lGFBP-3  antibody  was 
from  Diagnostic  Systems  Laboratories,  Inc  (Webster,  TX).  SCH6633G 
was  provided  by  Schering-Plough  Research  Institute  (Kenilworth,  Nj). 
FT1-277  was  purchased  from  Calbiochem  (San  Diego,  CA).  SCH  66336 
and  FTI-277  were  dissolved  in  DMSO  at  various  concentrations  to 
establish  dose  responses.  Synthetic  small  interfering  RNAs  [siRNA) 
targeting  H-Ras  or  RhoB  were  purchased  from  Am b ton  (Ausim  TX), 
and  1GFBP-3  and  nonspecific  control  siRNA  were  from  D  harm  aeon 
(Lafayette,  CO). 

To  test  the  effects  of  conditioned  medium  on  proliferation  of 
vascular  endothelial  cells,  HUVECs  were  plated  at  3  *  1  O’  per  well  in 
9 6- well  culture  plates,  untreated  or  prdneubated  with  igG  or  I G EBP- 3 
neutralizing  antibody,  and  then  treated  with  conditioned  medium 
(10  wg)  from  the  HNSCC  cells.  Cell  proliferation  was  measured  using 
the  3-(4,S^dimethylthiazol  2-yi)-2.5-diphenyItetiazolium  bromide  assay, 
as  previously  described  (16), 

In  experiments  assessing  the  effects  of  SCH  66336  on  protein  and 
mRNA  expression,  HNSCC  and  NSCLC  cell  lines  (1  x  10®  in  lOO-mm3 
dishes)  were  treated  with  different  concentrations  of  SCH  66336 
(0,5,  1,  or  5  nmol/L)  for  indicated  time  periods  in  complete  medium 
When  the  effects  of  SCH66336  on  plGF-lR  were  tested,  cells  were 
serum  starved  for  1  day  and  stimulated  with  JCF-I  (100  ng/mL,  for 
30  minutes)  before  harvest.  For  siRNA  transfection,  UMSCC38  cells 
were  plated  at  concentrations  of  1  x  io6  per  well  in  JQ-cm  plates.  The 
next  day  the  cells  were  transfected  with  siRNA  using  Oligofeoamme 
(Invitrogen,  Carlsbad,  CA)  and  cultured  in  growth  medium  with  or 
without  SCH  66336  (5  jimol/L),  One  day  after  transfection,  cells 
were  changed  to  serum -free  medium  containing  the  same  concentra¬ 
tion  of  SCH  66336  .After  2  days  of  incubation,  cells  and  conditioned 


media  were  collected.  When  HUVECs  were  treated  with  conditioned 
media  from  UMSCC3B  cells,  l  x  10*  per  wdl  in  six-well  plates  were 
treated  with  conditioned  media  in  endothelial  cdl  basal  medium 
in  the  absence  or  presence  of  IGFBP-3  neutralizing  antibody  foi 
12  hours. 

Conditioned  medium.  To  collect  conditioned  media  from 
UMSCC3S  cells,  UMSCC38  cells  (lx  ]0*  per  plate)  in  J0-an  plates 
were  incubated  in  growth  medium  containing  5GH66336  (0.5,  1, 
or  5  pmol/i.)  for  1  day,  washed  with  PBS,  and  then  resupplied  with 
serum-free  medium  containing  the  same  concentrations  of  SCH66336. 
After  1  days  of  incubation,  conditioned  medium  was  collected  and 
subjected  to  centrifugation  through  an  Amicon  Ultra -4  filter  to  remove 
any  traces  of  SCHG6336,  Concentration  of  the  conditioned  medium 
was  measured  by  the  bicinchoninic  acid  assay  (Pierce  Biotechnology, 
Rockford,  IL)+  The  molecular  mass  cutoff  of  the  filter  was  5  kDa, 
the  molecular  mass  of  SCH66336  is  0.56  kDa,  thus  the  flow-through 
containing  excess  SCH66336  was  discarded,  and  the  rettntate  was 
collected.  Removal  of  SCH 66 33 6  from  die  conditioned  medium  was 
determined  as  previously  described  [17),  The  final  filter  re tem ate 
was  concentrated  40-fold  for  several  analyses,  including  Western  blot. 
HUVEC  proliferation  and  tube  formation,  chick  aortic  arch,  and 
chorioallantoic  membrane  assays. 

Animal  care  and  injections.  All  animal  procedures  were  done  in 
accordance  with  a  protocol  approved  by  the  Institutional  Animal  Care 
and  Usage  Committee,  Ortho  topic  sublingual  injections  of  tumor  cells 
were  described  elsewhere  (16).  Female  nude  mice  (6- week-old)  under 
anesthesia  were  injected  with  UMSCC38  cells  (2  x  iq6)  into  the  lateral 
tongue  (n  -  5).  One  week  later,  when  tumors  started  to  develop, 
40  mg/kg  of  SCHG6336  or  20%  h  yd  rnxyhpropy  3 -fi-cyrlodexatrin 
control  vehicle  was  given  orally  twice  a  day  for  3  weeks  Thirteen 
days  after  cell  injection,  when  tumors  reached  at  least  50  mm®  in 
volume,  tumor  size  was  measured  twice  a  week  for  15  days.  Tumor 
growth  was  quantified  by  measuring  the  tumors  in  two  dimensions 
and  calculating  volume  as  described  elsewhere  (16).  One  week  later, 
when  tumors  started  to  develop,  the  mouse  food  was  replaced  by 
commercially  available  soft  food  [transgenic  mice  dough;  Bio-serv. 
Frenehiown,  Nl),  which  the  mice  can  ingest  even  when  the  oral  cavity 
was  blocked  by  tumor.  The  mice  were  humanely  killed  by  COa 
inhalation  when  they  had  lost  >20%  of  their  premjcciion  body  weight 
(average  IB. 52  g).  The  tongues  were  removed  and  separated  into 
two  pans  One  pan  was  fixed,  embedded  in  paraffin,  and  sectioned  for 
active  caspase-3  staining  The  other  pan  was  frozen  and  sectioned  for 
CD31  staining 

Western  Blot  analysis.  Preparation  of  whol e-cell  lysates,  quantifica¬ 
tion  of  the  proteins,  gel  electrophoresis,  and  Western  blotting 
were  done  as  described  elsewhere  ( 13).  Equal  amounts  of  proteins 
in  conditioned  medium  samples  were  confirmed  by  Goomassie  blue 
staining  of  the  duplicate  gels  and  Ponceau  staining  of  membrane 

/Tnrnunrjhtifnchcjnfrrri'.  Imrmmohistochemical  analysis  on  1GFBP-3 
was  done  using  tongue  tumor  tissues  from  mice  as  described  elsewhere 
(17).  For  CD31  staining,  frozen  sections  of  tumor  tissues  were  stained 
with  anti-CD 31  antibody  (BD  PharMingen;  1100  dilution)  and  then 
detected  by  3, 3'- diamino  benzidine. 

Chicfe  aortic  arch  d&uy  Chick  aortic  arch  assay  was  done  as 
described  elsewhere  [2D).  Briefly,  conditioned  media  collected 
from  UMSCC3B  edit  were  added  to  aortic  rings  from  14-day-oId 
chick  embryos.  The  plates  were  incubated  for4S  hours  at  379C  to  allow 
microvessel  sprouting  from  the  adventitial  layer  Average  sprouting 
was  measured  with  the  image]  program  (NIH)  after  the  plates  were 
photographed  under  the  stereomicroscope  (Zeiss,  Cdttingcn*  Germany) 
Each  condition  was  tested  in  six  wells.  The  experiment  was  repeated 
thrice  with  similar  results, 

Tlrfre  formation  assay.  Tube  formation  assay  was  done  as  described 
elsewhere  (21).  HUVECs  (5  x  10*)  were  seeded  on  Matiigd  surfaces 
and  grown  in  the  absence  or  presence  of  conditioned  media  from 
different  treatment  groups.  , Alter  1 S  hours,  images  were  photographed 
at  X40  magnification,  and  tube  formation  was  scored  by  blinded 
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observer  as  follows:  a  three-branch  poiiu  evem  was  scored  as  one  tube, 
as  described  elsewhere  (21).  Each  condition  was  tested  in  six  wells.  The 
experiment  was  repeated  thrice  with  similar  results. 

ChpriitaJLmUiii:  membrane  assay ,  Chorioallantoic  membrane  assay 
was  conducted  on  9-day-old  chick  embryos  as  described  elsewhere 
(21)  A  covers  lip  loaded  with  50  of  conditioned  medium  was 
applied  onto  the  surface  of  the  chorioallantoic  membrane.  After  2  days 
of  incubation,  a  fat  emulsion  was  injected  into  the  chorioallantoic 
membrane  to  allow  visualization  of  the  blood  vessels,  and  chorioal¬ 
lantoic  membranes  were  photographed  with  a  steieomicroscope. 

Reivrse  tramcripntm-PCR.  Total  RNA  was  isolated  from  cells  with 
the  use  of  Trizol  reagent  (Invitrogen).  cDNA  was  synthesised  as 
previously  described  (17).  Reverse  transcription -FCR  was  done  by 
coamplifi cation  of  the  genes  together  with  a  reference  gene  (GAPDH) 
using  cDNA  template  generated  as  already  described  and  corresponding 
gene-specific  primer  sets,  The  primer  sequences  were  as  follows:  5'- 
GAAG CGCCACACTGC ;i TJTfC- 3'  (sense)  and  S'-CCAGCTCCAGCAAA- 
TGCTAG- 3'  ( an  u  sense )  for  1GFBP-3  ;  ^CAAGAGTGCGCTGACCATCC-3> 
(sense)  and  5'-CCGG ATCTCACGCACGAAC-3'  (antisense)  for  H-ras; 
5'  CCC  rc  CGG  CAAGACGTCTG-3'  (sense)  and  S'-TCATAGCACCITG- 
CAGCAGTT-3'  (antisense)  for  rho-B;  5-GGTGAACCTCCG- 
TGTG AACGGATTT- 3'  (sense)  and  5-AATGCCAAAGTTGTCAT- 
GGATGACC-3'(  ami  sense)  for  GAPDH.  To  avoid  amplification  of 
genomic  DNA,  the  primers  of  each  gene  were  chosen  from  different 
exons.  Reverse  transcription- PC  R  was  done  in  a  total  volume  of  25  pL 
containing  1  pL  of  cDNA  solution  and  0,2  pmol/Lof  sense  and  antisense 
primers.  The  reverse  transcriptiomPCR  exponential  phase  was  deter¬ 
mined  on  2S  to  38  cycles  using  cDNAs  developed  from  identical 
reactions.  The  thcmiocyder  condition  used  for  amplification  was  as 
follows:  6  minutes  at  94  X  (one  cycle),  6  minutes  hot  start  at  94  °C 
45  seconds  at  56 "C  to  60"C  (25-35  cyde$),  and  1  minute  at  72X 
(one  cycle).  Amplification  products  (8  pL)  were  resolved  in  2%  agarose 
gel,  stained  with  ethidium  bromide,  and  visualized  in  a  transilluminaioi 
and  photographed 

fmmuttopTTec^pi^tion.  Equal  amounts  of  protein  samples  were 
incubated  with  anri-pTyr  antibody  and  protein  A-Seph arose  overnight 
and  washed  with  lysis  buffer  thrice  and  2*  PBS  twice.  Proteins  were 
eluted  with  4*  SDS  loading  buffer.  Samples  were  boiled  and  subjected 
to  electrophoresis  on  SDS  polyacrylamide  gels,  and  binding  was 
detected  by  using  an  enhanced  chemiluminescence  assay  (Amercham 
Pharmacia  Biotech,  Piscataway,  NJ), 

Northern  8  Jot  and  lysis.  Total  cellular  RNA  was  prepared,  as 
previously  described  (22],  Twenty  mloogrami  of  total  RNA  were 
subjected  to  electrophoresis  in  denaturing  agarose  gels  and  transferred 
to  3  Zeia-prabe  membrane  (Bio-Rad  Laboratories,  Hercules,  GA). 
Membranes  were  hybridized  with  |  s4P]dCTP  random-primed  JGFBF-3 
cDNA.  washed,  and  subjeaed  to  autoradiography,  An  equal  amount 
of  RNA  loading  was  monitored  by  ethidium  bromide  staining  of 
the  gels, 

Luciferase  assay,  Cells  were  seeded  in  24 -well  tissue  culture  plates 
and  transfected  with  500  ng  of  IGFBP-3  reporter  plasmid  (pCL2  or 
pCU-BP3)  and  20  ng  of  Rentfla  luciferase  control  vector  (pRL-SV40) 
using  LipofeaAMlNE  (Life  Tech  no  logics/ Beth  esd  a  Research  Laborato¬ 
ries,  Grand  Island,  NY),  The  total  amount  of  plasmid  DNA  was  equally 
adjusted  with  vector  DNA.  The  transfection  solution  was  removed 
after  6  hours  of  transfection,  and  the  ceils  were  changed  to  complete 
medium  with  or  without  different  concentrations  of  SCH66336. 
Following  2  days  of  incubation,  cells  were  harvested.  The  cells  were 
washed  with  PBS  and  subjeaed  to  lysis  in  0.1  mL  of  1  x  passive  lysis 
buffer  (Promega,  Madison.  Wl)  Cell  extracts  were  assayed  for  firefly 
and  ReniiJu  luciferase  activities  using  the  DuaTIudferase  reporter  assay 
system  according  to  the  manufacturer's  instruction  (Promega).  Firefly 
luciferase  activities  were  normalized  by  Rertiita  luciferase  activities. 
Ludferase  activities  were  expressed  as  the  means  and  5D  horn  three 
identical  wells, 

Statistical  Ijsis.  Data  are  shown  as  means  ±  SD,  For  statistical 
significance  between  groups,  the  paired  Student's  r  test  was  done. 


Results 

SCH66336  inhibits  angiogenic  activities  of  HNSCC.  We 
tested  the  effects  of  SCH 6 63 3  6  on  HNSCC  tumor  growth  by 
establishing  orthoiopic  tongue  tumors  of  UMSCC33  HNSCC 
cells  in  nude  mice  and  treating  the  mice  with  SCH66336. 
Representative  longue  tissues  from  a  healthy  mouse  (Normal), 
and  tongue  tumors  from  $CH6633G-untreated  (G>n)  and 
SCH66336-ueated  mice  (SCH66336)  are  shown  {Fig,  1A). 
Oral  treatment  with  SCH66336  (40  mg/kg)  almost  completely 
suppressed  tumor  growth  (P  <  0,005),  On  day  25,  the  average 
tumor  volume  for  untreated  control  mice  had  increased  to 
287.86  ±  53.93%  {mean  ±  SD)  of  the  volume  on  day  13, 
whereas  that  for  SCH66336- treated  mice  showed  123.20  ± 
14,67%  of  the  volume  before  the  SCH66336  treatment  (Fig.  1 B, 
left).  The  average  body  weight  of  SCH66336-treaied  mice  was 
not  remarkably  changed  during  the  treatment  (Fig.  IB,  n^ftr) 
compared  with  that  of  control  mice.  These  findings  suggest  that 
FT!  SCH66336  is  an  efficient  therapeutic  agent  in  head  and 
neck  tumors. 

We  studied  the  mechanism  of  the  antitumor  activities  of 
SCH 6 63 3  6  in  HNSCC,  Several  HNSCC  cell  lines  treated  with 
as  much  as  5  pmol/L  SCH66336  yielded  neither  a  terminal 
deoxynucleotidyl  transferase -mediated  nick  end  labeling- 
positive  cell  population  nor  changes  in  expression  of  caspase- 
3  and  poly  (ADP-ribose)  polymerase  (data  not  shown), 
indicating  that  SCH66336  induces  Little  apoptotic  activities  in 
HNSCC  cells.  Given  this  finding  and  the  critical  role  of  angio¬ 
genesis  in  rumor  growth,  we  evaluated  the  effects  of  SCH  66336 
on  angiogenic  activities  of  HNSCC  cells.  As  shown  in  Fig.  1 C, 
SCH66336  significantly  decreased  tumor  vascularization 
(P  <  0.01)  as  determined  by  microvessel  density  in  anti-CD3 1  - 
stained  tongue  tumor  tissues  from  control  and  SCH6636-treated 
nude  mice.  We  then  did  a  series  of  in  vitro  and  in  vivo 
experiments  to  test  the  antiangiogenic  activities  of  SCH 6 6 33 6. 
We  directly  applied  conditioned  media  from  UMSCC3S  cells 
to  HUVECs.  The  proliferation  (Fig,  ID)  and  capillary  tube 
formation  (Fig.  IE)  of  HUVECs  were  significantly  stimulated 
by  conditioned  media  from  the  untreated  UMSCC38  cells  but 
not  by  conditioned  media  from  SCH 6 63 3 6  (5  jimol/L)^  treated 
cells  (P  <  0.01).  The  ex  wTo  chick  aortic  ring  arch  assay  revealed 
that  conditioned  media  from  untreated  UMSCC38  cells 
also  stimulated  endothelial  cell  sprouts  (P  <  0.01),  whereas 
conditioned  media  from  SCH66336-treated  cells  did  not  exhibit 
stimulating  effects  on  endothelial  cell  sprouting  (Fig.  IF),  The 
chorioallantoic  membrane  assay,  an  established  in  vivo  angio¬ 
genesis  model,  revealed  that  treatment  with  conditioned  media 
from  untreated  UMSCC38  cells  but  not  conditioned  media  from 
5CH6G33S-treated  cells  significantly  induced  new  vessel  forma¬ 
tion  in  chorioallantoic  membranes  of  chick  embryos  (P  <  0.05; 
Fig,  IG).  We  did  not  find  any  signs  of  toxicity,  such  as 
thrombosis,  hemorrhage,  or  egg  lethality,  in  the  chorioallantoic 
membrane  assay.  Together,  this  data  indicate  that  5CHG6336 
can  elidt  antiangiogenic  activities  in  HNSCC. 

Antiangiogenw  activities  of  SCH66336  in  HNSCC  cells  are 
independent  of  H- Ras  and  RhoB.  We  investigated  the  mecha¬ 
nisms  by  which  SCH66336  elidts  antiangiogenic  activities 
in  HNSCC  cells.  Because  Fils  are  designed  to  inhibit  Ras 
famesylation,  the  most  important  step  in  ras  activation  (13), 
we  first  tested  the  effects  of  SCH 66336  on  Ras  in  HNSCC 
cells.  Western  blot  analysis  revealed  that  SCH6G33G  induced 
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Fig  1.  Antiangiogenic  sctivitits  of 
SCH 66336  in  HNSCC  calls,  A  photograph 
of  normal  iongt*  From  nude  mice  ihai  was 
not  inoculated  with  UV1SCC38  cells  {Wtl 
Nude  mice  bearing  UMSCC3S  orthotopic 
Eonguo  tumors  were  givan  40  mg/kg 
SCH  663 36  orally  twice  a  day  on  days  7 
lo  2  S  alter  tumor  cel  injection.  Orihoiopic 
tongue  tumor*  from  vehicle -treated 
{mtddfA  Con)  and  SCHG63 36  -treated 
(right  SCHS63S6)  nudo  mica  on  day 
25  after  irijegtwn  of  UMSCC38  cells. 

E  effects  of  SCH6633G  {SCH}  on  growth 
of  onhotopic  tongue  rumors  we*  tested. 
Relative  tumor  growth  and  changes  in  body 
weight  in  the  control  and  the  treatment 
groups  compared  with  control  tumor 
volumes  at  the  time  of  SCH 66 336 
treatment  (day  \3).  Columns,  mean  tumor 
volumes  {calculated  from  five  mice),  bare. 
SO.  ' l.  P  <  0.0 1  compared  with  Control. 

C  orthatopic  mouse  tongue  i&s u*S  were 
stained  with  an  enti-CD31  antibody.  The 
slides  we*  examined  at  xlOO  under 
fluorescent  microscope  and  analyzed  for 
red  (CD31)  luorescerace.  The  number  ol 
mia’Oves&ds  per  field  wes  counted. 
Columns,  mean  ol  three  slides  per  tumor 
(calculated  from  five  mice};  bars.  SO, 

*\  P  <  0.01  compered  with  control-! reeled 
tumors.  A  HUVECs  wore  allowed  to  grow 
m  100  nL  endothelial  cell  basal  medium 
(£SM)  containing  10  fiL  conditioned 
medium  (CM)  from  untreated  or 
SCH 66 336 -treated  UMSCC  cells. 

Call  prolferation  was  analyzed  py 
3-  (4tS  -dtmethyhhi«ol-2-yl )  -  2, 5  -d^hanyh 
rstrazolium  bromide  essay.  Independent 
experiments  were  repeated  three  times. 
Columns,  mean  %  of  eight  samples: 
bare,  SD. \  P  <  0.05,  **,  P  <  0.GT 

0.001  compared  with  negative 
control  £  angiogenic  activities  of 
conditioned  media  from  UM5CC36  ceils 
were  tested  oy  tube  formation  assay 
Columns,  mean  of  three  samples:  bars  SD. 

P  <0.0t  *”  P  <  0,001  compared 
with  control. 


dose-dependeni  decreases  in  fantasy]  ated  H-Ras  (H-Ras-F)  in 
UMSCG3S,  UMSCC22B,  and  SqCC/Yl  cells  (Fig  2A).  None 
of  these  cells  have  a  ras  mutation  (data  not  shown),  suggesting 
that  the  anti  angiogenic  activities  of  5CH66336  could  be 
traced  to  proteins  other  than  Ras.  One  potential  target  is 
RhoB,  a  21-kBa  G-protein,  that  is  both  famesylated  and 
geranylgeranylated  by  FTase  and  GGTase  I  (23),  respectively. 
Recent  evidence  indicates  that  RhoB  is  a  mediator  of  the  anti¬ 
tumor  activities  of  FTIs  in  mouse  and  rodent  model  systems 
and  in  human  cancer  cells  {24,  25).  Indeed,  treatment  with 
SCH66336  elicited  elevations  in  the  levels  of  RhoB  (Fig.  2A), 
presumably  due  to  the  increased  expression  of  the  geranyi- 
geranylaicd  isoform  of  RhoB  (RhoB-GG),  as  was  observed 
previously  (26). 


To  understand  whether  decreases  in  H-Ras-F  or  induction  of 
RhoB  mediated  ihe  ami  angiogenic  activity  of  5CH66336, 
we  determined  whether  silencing  H-Ras  or  RhoB  expression 
by  siRNA  could  abolish  the  activities  of  SCH66336  in 
UM5CC38  cells.  Transfection  with  siRNAs  targeting  H-r£f  or 
RhoB  specifically  inhibited  H-Ras  or  RhoB  protein  expression 
in  UMSCC38  cells,  whereas  control  scrambled  (sa)  siRNA 
did  not  affect  the  expression  of  these  genes  (Fig.  2B).  Two 
different  siRNAs  induced  similar  degrees  of  gene  silencing. 
These  siRNAs  also  specifically  inhibited  inRNA  expression  of 
target  genes  regardless  of  the  presence  of  SCI  166336  (Fig.  2C). 
Cell  viability  was  not  specifically  altered  in  any  of  these  cells 
(data  not  shown).  According  to  the  3-(4, 5-dimethyl thiazol- 
2-yl)-2,5-diphenyhetrazoliuTn  bromide  assay  (Fig.  2D)  and 
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Fig.  1  Continued  £  endothelial  cel 

sprouting  from  chick  aortic  rings  that  v-Vrt 

incubated  with  conditioned  medium  from 
SCH  663  36 -  treated  or  untreated  UMSCC  3S 
cdlv  Cdurons,  means  from  six  samples; 
bars.  SO.  Represantitive  group  from  each 
condition.  Bar,  200  pm,  ”,  P  i  OjOI 
compared  with  negative  control, 

Gl  m  a  chorioallantoic  memprane  ats-ay. 
angiogenesis  stimiiated  by  coodnioned 
media  from  UMSCC33  cells  was 
photographed  {frit)  or  qua  ntftat  ively 
evaluated  {tight ),  Independent  wperiments 
wctc  repeated  three  times.  Columns, 
mean  of)  30  eggs,  bare,  SD/95%  confi¬ 
dence  intervals.  V  P  <  0.05;  •*.  P  <  0M 
P  <  0,001  compared  with  neg Jirue  control. 


EBM  Con  SCH 


tube  formation  assays  (Fig.  2E),  HUVEC  proliferation  and 
morphogenesis  were  stimulated  by  conditioned  media  from 
control  UMSCC  38  cells  transfected  with  scr.  Conditioned 
media  from  SCH66336-treated  UMSCC38  cells  did  not  show 
these  angiogenic  activities.  The  effects  of  SCH66336  were  still 
consistent  in  UMSCC33  cells,  which  had  been  transfected  with 
siRNA  targeting  H-ras  or  RhoB  Two  different  siRNAs  for 
H-Ras  and  RhoB  showed  similar  results  (data  not  shown).  AD 
of  these  findings  indicate  that  SCH 66 33 6  suppressed  the 
angiogenic  activities  of  HNSCC  cells  via  H-Ras- in  depen  dent 
and  RhoB-mdependem  mechanisms, 

FIT  induces  IGFBPS  expression  in  vitro  and  in  vivo  via 
mechanisms  that  are  independent  of  H-Ras  or  RhoB.  Because 
the  IGF  system  has  an  important  role  in  regulatmg4  prolifer¬ 
ation  and  angiogenesis  {27-28},  we  determined  whether 
SCH 663 3 6  treatment  stimulates  the  expression  of  IGFBPs.  An 
obvious  increase  in  IGFBP-3  protean  level  was  observed  in 
UMSCC 3 8,  UMSCG22B,  and  SqCC/Yl  cells  treated  with 
SCH 66336  or  FTJ-277,  another  FTl  (Fig.  3A).  Increased  levels 
of  the  1  GFBP-3  protein  were  also  observed  in  conditioned 
media  from  these  cells  (data  not  shown).  No  change  was 
detected  in  the  expression  of  other  JGFBP  subfamily  members, 
including  IGFBP-2  and  ICFBP-6,  after  SCH 6 63 3  6  treatment 
(Fig,  3A),  Because  IGFBP-3  is  supposed  to  control  IGF-1  - 
induced  ICF-IR  activation  (30),  we  next  determined  the  effects 
of  SCH 663 3 6  on  the  levels  of  phosphorylated  IGF-1R  (pIGF* 
1R)  in  UMSCC3S  cells.  Western  blot  analysis  revealed  that 
treatment  with  IGF-1  caused  increases  in  pICFlR,  which  is 
inhibited  by  SCH6633G  in  UMSCC38  cells  (Fig.  3B,  left). 
Whereas  phosphorylation  of  IGF-1  R  stimulated  by  Des(l-3) 
(10  nmol/L),  a  mutant  1GF-I  that  has  a  vastly  diminished 
affinity  for  the  IGFBPs  but  retains  high  avidity  for  IGF-1R  (31), 
was  marginally  affected  by  SCH66336  in  UMSCC38  cells  (Fig. 
3B,  middle ),  indicating  that  secretion  of  functional  IGFBPS  by 
SCH66336-treated  cells  down- regulated  pIGF-IR,  Immunopre- 
cipitauon  analysis  using  an  antiphosphotyrosine  antibody 
followed  by  Western  blot  analysis  with  an  anti-IGF-IRP 
antibody  confirmed  that  5CH66336  inhibited  I GF-sti mutated 
IGF-  1R  phosphorylation  (Fig.  3B,  rig/tr),  Induction  of  tGFBP-3 


by  SCH 66336  also  found  in  H4G0,  Calul,  and  H358  NSCLC 
cell  lines  (Fig.  3C). 

We  further  studied  the  mechanism  by  which  SCH66336 
activates  IGFBP-3  expression.  Nonhem  and  Western  blot 
analyses  of  UMSCC38  cells  revealed  that  IGFBPS  gene 
expression  is  induced  within  1.5  hours  after  the  SCH66336 
treatment  respectively  (Fig.  3D),  Moreover,  a  transient  trans¬ 
fection  experiment  done  with  a  luciferasc  reporter  plasmid 
containing  1.6-kb  fCFBP-3  promoter  (pGL2-BP3;  ref  32) 
indicated  that  SCH 6 633 6  increased  /GFBP-3  promoter  activity 
in  UMSCC38  and  H46G  cells  in  a  dose-dependem  manner 
(Fig.  3E).  IGFBP-3  promoter  activity  was  also  increased  in 
UMSCC  3  8  cells  by  the  treatment  with  FTI-277,  These  findings 
indicate  that  SCH66336  induced  IGFBP-3  expression  at  a 
transcriptional  level  and  that  the  induction  of  ICFBP-3 
expression  is  a  generic  response  to  Fils.  Blockade  of  H-Ras  or 
RhoB  expression  by  siRNA  (Fig.  3F  and  G)  or  overexpression  of 
pH-Ras-Vl2  or  pRhoB-CG  (Fig.  3H)  did  not  affect  the  ability'  of 
SCH 6 63 3 6  to  induce  IGFBP-3  promoter  activity  and  protein 
expression,  indicating  that  induction  of  IGFBP-3  expression 
by  SCHS6336  is  independent  of  H-Ras  or  RhoB. 

Oral  administration  of  FTl  SCH66336  induces  IGFBPS 
expression  in  vivo  in  tongue  tumor  tissues.  We  tested  whether 
SCH6633G  could  increase  IGFBP-3  expression  m  vfeo  We  found 
obviously  higher  levels  of  IGFBP-3  in  orihoiopie  tongue  tumor 
tissues  removed  from  SCH66536-treaied  mice  than  in  tongue 
tumor  tissues  from  untreated  control  mice  (Fig,  4A).  ICFBP-3 
expression  was  also  analyzed  in  the  tissue  samples  from  patients 
who  had  received  SCH66336,  Results  are  shown  from  the 
pretreatment  and/or  posttreatment  matched  tumor  tissues  from 
three  patients.  Prominent  IGFBP-3  expression  was  observed  in 
the  first  patient  (33)  in  histologically  normal  cells  of  the  anterior 
tongue  (Fig.  4B,  left),  but  only  focal  or  no  1  GFBP-3  expression 
was  found  in  their  squamous  carcinoma  tumor  cells  (SCO, 
Fig,  4B,  ri£hr).  Tumor  tissues  from  this  patient  were  not  available 
after  the  SCH66336  treatment.  Very  low  or  undetectable  levels 
of  IGFBP-3  were  also  observed  in  squamous  cardnoma  tumor 
cells  of  the  other  two  patients  (patients  2  and  3)  who  had  not 
been  treated  with  SCH66336  (Fig,  4C,  fe/t).  Three  months  after 
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these  patients'  treatment  with  SCH66336,  however,  IGFBP-3 
expression  was  strongly  induced  in  the  membranes  of  the 
cancer  cells  undergoing  karyolysis  (Fig.  4C,  right).  These 
findings  indicate  that  oral  administration  of  SCH66336  was 
sufficient  to  induce  IGFBP-3  expression  in  vivo. 

IGFBP-3  secreted  from  SCH66336- treated  HNSCC  celb 
inhibits  angiogenic  activities  in  HUVECs  by  blocking  Aki 
activation ,  To  investigate  whether  IGFBP-3  secreted  from 
SCH6533G-treated  HNSCC  cells  inhibited  angiogenesis,  we 
determined  whether  the  blockade  of  IGFBP-3  secretion  from 
SCH 6 63 3 6- treated  UMSCC38  cells  could  restore  the  angiogenic 
effects  of  conditioned  media  from  these  cells.  To  this  end, 
UMSCC3S  cells  were  transfected  with  IGFBP-3  siRNA,  and  the 
conditioned  medium  from  these  cells  was  applied  to  HUVECs. 
1GFBP 3  siRNA  specifically  inhibited  /GFBP-3  mRNA  expression 
(Fig.  5\  left)  as  well  as  protein  expression  in  the  untreated  and 
SCH66336-treaied  UMSCC38  cells  (Fig.  5A,  right) ,  Conditioned 
media  from  UMSCC38  cells  transfected  with  IGFBP-3  siRNA 
before  the  5CH66336  treatment  (SCH)  did  not  show  significant 
effects  on  rube  formation  (Fig.  5B)  and  proliferation  (Fig.  5C) 
of  HUVECs  compared  with  conditioned  media  from  scr- 
transfected  cells.  To  mask  the  effeci  of  IGFBP-3  secreted  from 
UMSCC38  cells  on  HUVECs,  HUVECs  were  preincubated  with 
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Fig.  2.  Roki  of  H  -  Ras  and  Rho  B  in  th&  anriang  iogb  n  c  and  a  n  ti  -  invasive  activities  of 
SCH  66  336  in  HNSCC  cells.  A  efftjctsof  SCH  66  3  36  on  levels  of  unfamEsylatcd 
H-Rasand  fernesvlaied  H-Res  (H-Ras-F}  were  examined  in  UM5CC38, 
UMSCC22B,  and  SqCC/Yl  co0$  ireaiad  with  indicated  doses  of  SCH66336  for  3 
days.  S-C,  affects  of  scrambled  siRNA  f&sr}  or  siRNA  targeting  H-raj  of  RftoB  on 
protein  (£f)  and  mRNA  (CJ  levels  of  H-Ras  and  RhoB  were  examined.  Expression  of 
tubuLn  or  GAPDH  was  included  as  loading  controls.  Lanes  1  and  2,  si  RNA  with 
ditto  rent  sequence  targeting  same  gene.  O  E.  proliferation  {£>)  end  morphogenesis 
(E)  of  HUVECs  stimulated  by  conditioned  media  from  UMSCC3B  cells,  which  were 
transtocred  with  the  indicated  siRNA  and  treated  with  SCH 6633 6  (5  ^umd/L),  were 
reseed  by  3-{4,5-dimethylthiaiol-2-yf)*2,5-diphenyltetraiolium  bromide  and  tube 
formation  assays,  respectively.  Independent  experiments  were  repeated  three  rimes. 
Columns,  means  of  three  samples:  bare.  SO.  *,  P  i  0.06: '  V  P  i 0,Qt  ”\P  <  0,001 
compered  with  untreated  cells  from  each  transfection. 


IGFBP-3  neutralizing  antibody  (aBP3)  before  conditioned 
medium  treatment.  Stimulation  of  HUVECs  proliferation  by 
the  conditioned  media  from  control  UMSCC38  cells  was  not 
affected  withaBPS  (Fig.  3D).  In  contrast  proliferation-stimulat¬ 
ing  activities  of  conditioned  media  from  SCH66336-treated 
UMSCC3S  cells  were  almost  completely  blocked.  These  findings 
indicate  that  IGFBP-3  seaeted  from  SCH 6 633 6- treated  cells 
played  a  major  role  in  inhibiting  HUVECs  proliferation  and 
morphogenesis. 

It  has  been  shown  that  IGFBP-3  induces  apoptosis  in 
endothelial  cells  by  inhibiting  activation  of  Ala  a  key  enzyme 
for  cell  survival  (12),  Thus,  we  next  tested  whether  IGFBP-3 
secreted  from  SCH 6 6 33 6- treated  HNSCC  cells  could  inhibit 
activation  of  Akt+  Western  blot  assays  showed  that  conditioned 
media  from  control  UMSCC3B  cells  stimulated  phosphoryla¬ 
tion  of  Aki  (pAfct,  Serm)  in  HUVECs  (Fig.  5E),  which  was  not 
affected  by  the  aBPB  treatment.  Conditioned  media  from 
SCH  5633  6-treated  UMSCC38  cells  marginally  stimulated  pho- 
phoiylation  of  Aku  however,  pAkt  levels  were  obviously 
induced  by  the  incubation  of  HUVECs  with  aBP3,  Phosphor¬ 
ylation  of  extracellular  signal -regulated  kinase  (pERJf)  was 
stimulated  in  HUVECs  by  conditioned  media  from  control  or 
SCH6G336-treated  UMSCC  cells  but  was  not  affected  by  the 
ctBP3  (Fig.  5E).  These  findings  suggest  that  IGFBP-3  secreted 
from  SCH 6 63 3 6 -treated  HNSCC  cells  inhibited  proliferation  of 
HUVECs  by  inhibiting  Akt  activation. 

Discussion 

In  this  article,  we  have  shown  for  the  first  time  that  the  FT! 
SCHS633G  has  antitumor  activities,  especklly  those  related  to 
angiogenesis,  by  inducing  IGFBP-3  expression.  The  increased 
IGFBP-3  in  turn  induces  tumor  regression  by  inhibiting  tumor 
angiogenesis  via  a  mechanism  that  is  independent  of  H-Ras  and 
RhoB,  We  were  encouraged  to  pursue  this  line  of  research  by 
early  observations  of  rumor  regression  in  a  clinical  trial  in 
which  patients  with  advanced  HNSCC  were  randomized  to 
receive  a  short  8-  to  14-day  course  of  SCH66336  in  the 
preoperative  setting. &  Our  in  vivo  results  also  dearly  show'  that 
SCH66336  induces  efficient  antitumor  activities;  daily  oral 
administration  of  SCH6633G  (40  mg/kg)  was  sufficient  to 
suppress  growth  of  implanted  UMSCC38  tumors  in  the  tongues 
of  nude  mice.  SCH66336  was  active  at  a  concentration  of  1 
Mmol/U  which  is  well  below*  the  concentration  reported  to  be 
achievable  in  (about  6  pmol/I.)  in  mice  given  a  single  oral 
dose  of  25  mg /kg  SCH66336  (34).  SCH66336  inhibits 
proliferation  of  HNSCC  cells  (15);  similar  results  have  been 
observed  in  cell  lines  derived  from  breast,  colon,  pancreas, 
brain,  and  lung  cancers  (35-37), 

Despite  these  promising  results,  the  mechanism  of  action  of 
FTls  in  tumors  is  still  incompletely  understood.  We  did  not  find 
evidence  of  $CH66336-mediaied  a  pop  toxic  activities  in  most  of 
the  HNSCC  cell  lines  used  in  our  study,  results  which  are 
consistent  with  previous  findings  that  5CH66336  as  a  single 
agent  cannot  induce  apoptosis  at  doses  similar  to  those  we  used 
(38).  This  led  us  to  investigate  the  a  nti  angiogenic  activities  of 
5CH6G336  in  HNSCC  cells.  SCH6633G  inhibited  the  angio¬ 
genic  activities  of  HNSCC  cells  in  vitro  and  in  tnw.  (a) 


*  Unpublished  daia. 
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Fi*.  X  Effects  of  FTls  on  the  expression  of  (GFBP-3  in  HNSCC  cells  m  vitro  and  m  viva  A  expression  of  IGFBP-2.  IGF  BP- 3.  and  IGFSP-6  m  UMSCC3S,  UMSCC22B.  and 
SqCC/YUelti,  untreated  or  treated  with  mdicmod  concentraijons  of  SCH 66336  or  FT1-277  fgr  3  days.  S,  Western  Wot  analysis  on  sxprenion  of  photphoryiatod  IGMR 
(Tyrns4;  plGF-IR)  and  unphosphory taxed  H3MR£in  UMSCC3S  ceils  that  were  untreated  or  treated  with  SCH66336  and  then  activated  w  th  IGF-t  {hit)  or  D*s(>3)  IGF-I 
{mxfdk)  p-Aetin  was  also  detected  as  a  loading  control.  Total  protein  extracts  (500  ^g)  of  UMSCC3B  cells  that  were  untreated  or  treated  with  SCH66336  before  the 
activation  with  lGF-1  were  subjected  to  immunopfecipitaiton  £0*J  with  IgG  or  anti-phosphoiyTOiine  {pfyr)  annbody  Western  plot  analysis  (WSJ  on  immunopreci  pirates  was 
done  Ltstfig  an  anti- IG F-1 R [i  antibody  (AffAfX  Equal  arnount  of  protein  for  ImmunopredpitatiOA  was  confirmed  by  Western  Wot  analysis  on  IGF-lftfS  expression.  C  H 460.  Calul, 
and  H35B  colls  treated  with  5  j±moi/L  SCH 6 63 3$  fori  or  2  days  were  also  analyzed  for  IGFBP-3  expression.  Actio  was  included  as  a  loading  control.  Q  Northern  blot  (A fB) 
and  Western  blot  ( W8)  analyses  were  done  to  analyze  the  effect  of  5CH66336  on  tGPBP-3  mRNA  and  protein  expression  in  UMSCC38  cells  that  were  treated  with 
SCH66336  (5  jimol/LJ  for  the  indicated  time  perkOds.The  mltidum  broenkto  -  stained  RNA  gal  is  illustrated  to  show  the  relative  amounts  of  total  RNA  loaded  par  wel  {iop\ 
£  hiafftnase  analysis  was  done  in  UMSCC33  and  H460  calls  that  were  transiently  transfacied  with  pGL2  or  pGL2-BP-3  reporter  plasma  and  then  treated  with  indicated 
concentrations  of  SCH6633S  or  D1-277.  Columns,  nwansof  $bt  different  samples  from  throe  independent  experiments;  bars.  SO.  "\  P  <  Q.Ol  ■"  P  <0.001  compared  with 
pGL2-BP3 -transfected  cels  £  Western  blot  analysis  on  expression  of  IGFBP-3  after  transfection  H-ras  or  RhoB  siRMA  and  SCHG5336  (5  pmol/L)  treatment  for 

2  days  in  UM5CC38  calls.  G,  effects  of  si  RNA  targeting  H-Ras  or  RhoB  on  SCH66336- mediated  induction  of  IGFBP-3  promoter  activities  in  UMSCC3B  cells  that  were 
transfected  wrth  m  H-RaA  or  RhoB  si  RNA  H  luciferese  analysis  in  UMSCC38  cells  that  were  iransrently  cotransfected  with  reporter  plasmid  £pGL2  or  pGL2-SP3J  end 
expression  vector  {Control  vector,  pH-Ras-Vl2.  or  pRhoB-GG)  and  then  psated  with  Syimol/L  SCH 6 6 336.  Columns,  means  of  six  different  wells  from  three  independent 
experiments;  bare.  SD.  mm.P  C  0.01  compared  with  untreated  control  cells. 

administration  of  SCH  6636  significantly  reduced  tumor  vascu¬ 
larization  in  HNSCC  onhotopic  tongue  tumors;  (b)  pretreat- 
mem  with  5CH66336  effectively  suppressed  angiogenesis- 
stimulaiiiig  effects  of  the  conditioned  media  from  HNSCC38 
cells  on  HUVECs  in  several  in  rnrro  and  in  vivo  angiogenesis 
assays.  The  antiangiogenic  activities  of  SCH66336  in  HNSCC 
cells  did  not  correlate  with  mutation  and  expression  of  Ras  and 
RhoB  in  our  study,  suggesting  that  FTls  have  mechanisms  of 
action  other  than  inhibiting  Ras  or  RhoB. 

We  found  that  FTls,  Including  SCH66336  and  FT1-277,  in¬ 
duced  expression  of  IGFBP-3,  a  major  1GFBP  in  serum  (39),  in 
several  different  cancer  cell  lines,  onhotopic  tongue  tumor 
tissues  from  mice,  and  a  subset  of  patients  with  HNSCC,  These 
findings  revealed  that  the  effect  of  FTls  on  IGFBP-3  expression  is 
a  generic  response  to  FT!  treatment  and  that  oral  administration 


of  SCH66336  is  sufficient  to  induce  IGFBP-3  expression  in  iiw. 
Because  FTls  up- regulated  promoter  activities  and  transcription 
of  the  IGFBP-3  gene,  FTls  seemed  to  induce  JGFBP-3  gene 
expression  at  transcription  level.  The  effects  of  FTls  on  IGFBP-3 
expression  could  be  mediated  by  novel  famesylated  proteins 
(37)  or  by  famesyl  transferase -independent  off-target  activity 
of  FTls.  It  is  also  possible  that  FTls  may  activate  various 
transcription  factors  that  stimulate  the  IGFBP-3  promoter,  such 
as  Sp-l/Sp-3,  p53,  vitamin  D  receptor,  and  retinoid  X  receptors. 
A  detailed  mechanism  that  is  critical  fonhe  induction  of  IGFBP-3 
expression  by  SCH66336  is  currently  under  active  investigation 
in  our  laboratory. 

Perhaps  most  strikingly,  our  findings  presented  here  show 
the  role  of  IGFBP-3  as  the  functional  basis  for  the  use  of 
FTls  in  HNSCC  targeting  tumor  angiogenesis;  inhibition  of 
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Fig,  4,  Immunohistochern ical  analysts  of  IGF3P»3  in  tongue  rumor  Tissues.  A. 
IGFBP-3  expression  in  orthotopic  longue  tumor  tissues  from  control  nude  mice 
(toft)  and  SCH 66 336  - 1  re  aied  mice  fright)  rt  25  days  B.  IGFBP-3  expression  in 
normal  and  SCC  tissues  from  a  patient  with  HNSCC.  Q  IGFBP'3  expression  was 
ibo  tested  in  two  patients  before  (ktfi)  or  after  3  months  of  treatment  with 
SCH 66336  fright).  *400, 


l be  secretion  of  SCH6G336-mduccd  IGFBP-3  from  UMSCC3S 
cells  by  RNA  imerference  or  depletion  of  IGFBP-3  in 
HUVECs  by  neutralizing  antibody  significantly  restored 
angiogenic  effects  of  conditioned  media  from  5CH66336- 
treated  UMSCC38  ceils  on  HUVECs.  Consistent  with  previous 
findings  (12),  we  also  observed  that  IGFBP-3  secreted  from 
FT1 -treated  HNSCC  cells  inhibited  endothelial  cell  prolifera¬ 
tion  by  blocking  PI  3  K/ Akt  pathways;  (0)  conditioned  media 
from  control  UMSCC38  cells,  but  not  conditioned  media 
from  $CH66336-treated  cells,  induced  phosphorylation  of 
Akt  in  HUVECs;  (b)  depletion  of  IGFBP-3  in  HUVECs  by  the 
IGFBP-3  neutralizing  antibody  effectively  restored  mitogenic 
activities  and  the  levels  of  pAkt  in  HUVECs  when  incubated 


with  conditioned  media  from  SCH 6 63 3  6 -treated  UM5CC38 
cells.  Therefore,  it  is  plausible  to  say  that  His  induce 
IGFBP-3  expression,  which  in  turn  regulate  tumor  angiogen¬ 
esis  by  inhibiting  Akt.  a  key  enzyme  for  cell  survival  and 
thus  inducing  apoptosis  in  endothelial  cells. 

In  conclusion,  our  results  reveal  for  the  first  time,  that  the 
FTIs  have  potent  antiangiogenic  activities  in  HNSCC  cells 
through  the  induction  of  ICFBP-3  expression.  Our  results  could 
explain  the  antitumor  activities  of  FTIs  in  the  cancer  cells  that 
do  not  harbor  activated  Ras  oncogene  (40-43).  IGFBP-3  has 
been  also  identified  as  having  antitumor  activities  in  a  variety  of 
cancers  (16,  44,  45).  Several  case  control  studies  have  shown 
that  serum  IGFBP-3  levels  inversely  correlate  with  the  risk  of 
numerous  cancers,  including  prostate  (46),  bladder  (46),  and 
colon  (46).  Smoking  reduces  IGFBP-3  levels  (46)  and  low 


Fig.  G,  IGFBP-3  secreted  from  SCH  653 36 -treated  HNSCC  cells  inhibits  angiogenic 
activities  in  HUVECs  by  blocking  Akt  activation  A-G  effects  of  knock  down  of 
IGFBP-3  expression  on  antiangiogenic  activities  of  SCH66336  A  semiquantuative 
reverse  transcription-  PCR  analysis  tor  tGFBP-3,  H-ns.  and  Rho8  mRNA  expression 
(feft)  and  Western  blot  analyses  for  IGFBP-3  protein  expression  (right)  war*  done  in 
UM5CC38  ceils  transfected  with  control  (scr)  or  JGFBP-  3  si  RNAs  tor  1  day  before 
the  SCH 66336  (5  *tmo</L)  treatment,  GAPOH  mRNA  and  gkactin  protein 
expression  were  also  detected  as  controls  for  reverse  transcription -PCR  and 
Western  blot  analyses,  respectively.  Effects  of  conditioned  media  (CM)  from  these 
cells  on  HUVEC  morphogenesis  (B)  and  proliferation  fC)  were  tested  by  tube 
formation  and  3-(A5-drnethyhhiaiol-2-yl)-2FS-d(phenytrerrazolium  bromide 
analyses,  respectively.  Independent  experiments  were  repeated  three  omes 
Columns,  percentages  of  eight  samples;  hart.  SD/ 95%  confidence  intervals, 

\  P  <  0.05;  ",  P  <  0.01  compared  with  control,  D-i,  3-  (45-dimathylthiizol-2*yn  *2. 
5 -diphonyltetiazoljum  bromide  {£>)  and  Western  blot  analyses  (£)  were  performed 
in  HUVECs,  which  were  untreated  or  preincubated  with  IGFBP-3  neutralizing 
antibody  (t*BP-3)  for  2  houre  and  then  treated  with  {-)  orcondrboned  media 
from  control  UMSCC33  cells  (Con)  or  from  SCH  6  6  336 -treated  UMSCC38  cells 
(SCH).  Independent  ex  penmen's  on  ceB  prolife  ration  were  repeated  three  times. 
Columns,  percentages  of  eight  samples;  bars,  SO.  a  BP-3,  antibody  neuirsloing 
IGFBP-3.  "PC  0.01  compared  with  HUVECs  treated  with  control 
conditioned  media. 
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1GFBP-3  concentrations  are  associated  with  increased  risk  of 
head  and  neck  (46)  as  well  as  lung  cancers  (24).  Furthermore  a 
decrease  in  IGFBP-3  expression  due  to  the  methylation  or 
polymorphisms  of  the  JGFBP-3  promoter  is  assodaied  with 


an  increased  risk  of  lung,  breast,  and  prostate  cancers  (46). 
Considering  all  of  these  promising  results,  IGFBP-3  should  be 
critically  evaluated  in  translational  clinical  trials  against 
pathologic  angiogenesis. 
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Effects  of  9-czs-Retinoic  Acid  on  the  Insulin-Like  Growth 
Factor  Axis  in  Former  Smokers 

Ho- Young Lee,  Yoon  Soo  Chang,  Ji-Youn  Han,  Diane  D.  Liu,  j.  Jack  Ue,  Reuben  Lotan t 
Margaret  R *  Spitz,  and  Warn  Ki  Hong 

ABSTRACT 


Purpose 

Insulin-liko  growth  factor  {IGF)  axis  has  been  associated  with  the  risk  of  lung  cancer. 
9-eis-retlnoic  acid  19-ds-RA)  has  shown  potential  chemopreventive  activities  in  former 
smokers  This  study  was  designed  to  evaluate  the  effects  of  9-ds-RA  on  IGF  axis  in  former 
smokers  to  identify  any  benefit  the  retinoid  may  have  in  preventing  lung  cancer. 

Patients  and  Methods 

Serum  concentrations  of  IGF-I,  IGF  binding  protein  {1GFBPK3,  and  their  molar  ratio  !IGF-f/ 
IGFBP-3)  were  measured  with  radioimmunoassay  kits  in  stored  blood  samples  from  the 
participants  of  an  original  chemoprevention  trial*  The  participants  had  ceased  smoking  for  at 
least  12  months  and  were  randomly  assigned  to  receive  3  months  of  daily  oral  9-c/s-RA  {100 
mg)  or  placebo*  Ail  statistical  tests  were  two-sided. 

Results 

A  total  of  11 1  samples  from  the  study's  baseline  and  84  samples  from  the  3  months 
treatment  were  analyzed.  The  serum  concentrations  of  IGF-I  and  IGF-lflGFBP-3  at  baseline 
were  significantly  lower  in  female  then  in  male  participants.  After  3  months  of  treatment,  the 
serum  level  of  IGF-I  and  IGF-I/IGF3P-3  were  significantly  lower  in  the  9-as-RA  group  than  in 
the  placebo  group  (P  =  *03  and  P<  OT  respectively),  but  the  iGFBP-3  level  was  significantly 
higher  (P  =  ,03)* 

Conclusion 

9-o/s-RA  treatment  modulated  the  IGF  axis  in  former  smokers,  suggesting  that  the  IGF  axis 
is  a  potential  target  for  the  chemopreventive  activities  of  9-os*RA  and  That  the  serum 
concentrations  of  IGF,  IGF3P-3.  and  IGF-I/IGF8P-3  could  serve  as  surrogate  end  point 
biomarkers  of  9-c/s-RA  treatment 

J  Clin  Oncol  23:4439-4449.  ©  2005  by  American  Society  of  Clinical  Oncology 


Lung  cancer  is  the  leading  cause  of  cancer 
death  in  men  and  women  in  the  United 
States,1”  and  cigarette  smoking  is  the  pre¬ 
dominant  risk  factor  for  lung  cancer*  There¬ 
fore,  smoking  cessation  campaigns  have 
been  a  major  focus  of  preventive  effort*3,4 
However,  the  risk  for  lung  cancer  does  not 
diminish  during  the  first  5  years  after  smok¬ 
ing  cessation’'6:  former  smokers  continue  to 
have  an  increased  risk  compared  with  peo¬ 
ple  who  have  never  smoked.7  These  findings 


indicate  that  additional  preventive  strategies 
for  former  smokers  are  needed.  One  effec¬ 
tive  strategy  is  the  administration  of  agents 
that  suppress  the  promotion  or  progression 
steps  of  lung  carcinogenesis  by  inhibiting 
the  proliferation  and  survival  of  preneo¬ 
plastic  cells  that  have  acquired  genomic 
DNA  damage  as  a  result  of  exposure  to 
cigarette  carcinogens* 

An  increasingly  recognized  mediator  of 
cell  proliferation  and  survival  is  insulin-like 
growth  factor  {IGF)*6'9  IGFs  can  also  inhibit 
apoptosis  and  play  an  important  role  in 
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differentiation  of  many  normal  and  cancer  cell  types  and  in 
neoplastic  transformation  and  metastasis.9'11  The  IGF  sys¬ 
tem  is  regulated  by  IGF  binding  proteins  (IGFBPs),  espe¬ 
cially  IGFBP-3,  which  bind  to  IGFs  in  the  extracellular 
milieu  with  high  affinity  and  specificity,  thus  reducing  the 
bio  availability  of  IGFs;  more  than  90%  of  circulating  IGF- 1 
is  bound  within  a  large  complex  containing  IGFBP-3  an  d  its 
acid-labilc  subunit,9  A  growing  number  of  epidemiologic 
studies  have  suggested  that  increased  serum  concentrations 
of  IGFs,  altered  concentrations  of  IGFBP-3,  or  both,  are 
associated  with  an  increased  risk  for  several  types  of  cancer, 
including  lung  cancer,  and  that  high  IGFBP-3  concentra¬ 
tions  can  attenuate  this  risk,12'17  We  have  shown  that  loss  of 
IGFBP-3  expression,  due  partly  to  hyp erm ethylation  of  its 
promoter,1*  is  a  marker  of  poor  prognosis  in  patients  with 
early-stage  non-small-cell  lung  cancer  (NSCLC).1920  We 
have  also  demonstrated  that  overexpression  of  IGFBP-3 
inhibits  the  growth  of  NSCLC  cells  in  vitro  and  in  vivo  by 
inducing  apoptosis.21  These  data  indicate  that  for  high-risk 
patients,  the  IGF  system  is  a  potential  target  for  preventive 
strategies,  for  novel  antineoplastic  therapies,  or  for  both. 

An  increasing  body  of  evidence  has  suggested  that  reti¬ 
noids,  the  most  frequently  studied  chemopreventive  agents 
for  lung  cancer,  modulate  the  IGF  axis."'2*  Results  of  sev¬ 
eral  in  vivo  studies  in  experimental  animals  have  shown  that 
retinoids  suppress  carcinogenesis  in  a  variety  of  tissue  types, 
including  the  lung. Of  the  naturally  occurring  retinoids, 
all-tram- retinoic  arid  (aU-frnns-RA)  binds  to  RA  receptors 
(RARs),  and  9-ris- retinoic  acid  (9-ris-RA)  binds  to  RARs, 
retinoid  X  receptors  (RXRs),  and  other  nuclear  receptor 
complexes  in  which  the  RXR  is  a  ligand- binding  partner, 
such  as  the  vitamin  D  receptor  and  the  peroxisome  prolif- 
erator-activated  receptor."7  13-ris-RA  binds  to  RAR  and, 
after  stereoisomerization,  to  either  all-mans- RA  or  9-ris-RA 
in  a  process  that  occurs  intracellularly.2* 

We  demonstrated  in  a  clinical  lung  cancer  chemopre- 
vention  trial  that  9-ris-RA  treatment  can  restore  RAR/3 
expression  in  former  smokers  after  3  months  of  treatment.2* 
RARjB  expression  has  been  implicated  in  the  prevention  of 
tumor  development  and  has  shown  growth-inhibitory  and 
apoptotic  effects  on  the  bronchial  epithelia  of  former  smok¬ 
er  s.J0  These  previous  findings  thus  raised  the  possibility 
that  9-ris-RA  has  potential  chemopreventive  properties 
in  former  smokers. 

To  shed  more  light  on  the  beneficial  effects  of  9-ris-RA 
on  former  smokers,  we  analyzed  the  effects  of  9-ris-RA  on 
the  IGF  axis,  especially  on  the  serum  concentrations  of 
IGF- 1  and  IGFBP-3  and  on  the  molar  ratio  of  1GF-1  to 
IGFBP-3,  which  has  been  proposed  to  reflect  tissue  bioac¬ 
tivity,  in  a  previously  studied  population  of  former  smok¬ 
ers.31  We  found  that  9-ris-RA  Treatment  modulated  the  IGF 
axis  in  these  former  smokers,  suggesting  that  the  serum  IGF 
axis  is  a  target  of  the  potential  chemopreventive  activities  of 
9-ris-RA  in  former  smokers. 


Patients 

The  original  study  from  which  we  derived  our  data  was  a 
three-arm,  randomized,  double-blinded,  placebo -controlled  trial 
comparing  the  effects  of  9-ris-RA  (100  mg)  with  those  of  ]  3-rir-RA 
(1  mg/kg)  plus  a-tocophcrol  (AT;  1,200  U)  administered  for  3 
months.  In  this  study,  a  significant  increase  in  RAR/3  expression 
and  a  reduction  of  metaplasia  were  observed  in  individuals  treated 
with  9-ris-RA,  but  not  with  13-ris-RA  plus  AT,  compared  with 
those  treated  with  placebo.  Because  antioxidants  such  as  AT  can 
affect  the  concentrations  of  the  components  of  the  IGF  axis.32  we 
derided  not  to  include  the  13-ris-RA  plus  AT  treatment  group  in 
our  analysis.  The  eligibility  criteria  were  previously  described.’* 
Briefly,  the  study  population  consisted  of  former  heavy  smokers 
clinically  free  of  any  cancer,  who  were  registered  in  the  Depart¬ 
ments  of  Thoracic/Head  and  Neck  Medical  Oncology  and  of 
Thoracic  Surgery  at  The  University  of  Texas  M.D.  Anderson  Can¬ 
cer  Center.  To  be  eligible,  subjects  had  to  have  adequate  renal, 
hematologic,  and  hepatic  function  and  must  not  have  taken  more 
than  25,000  U  of  vitamin  A  or  other  retinoids  daily  for  at  least  3 
months  before  study  entry.  Subjects  were  allowed  to  have  had  a 
prior  smoking- related  cancer,  but  they  had  to  have  been  tumor 
free  for  6  months  before  enrollment  in  the  study.  Subjects  were 
required  to  abstain  from  consuming  dietary  vitamin  supplements 
while  on  the  study.  The  treatment  duration  was  3  months,  based 
on  the  toxicity  data  from  a  previous  phase  3  trial  that  included 
9-ris-RA  treatment.33  Subjects  were  seen  monthly  and  were  eval¬ 
uated  for  compliance  with  the  trial  protocol,  drug-related  toxic 
effects,  and  serum  cotinine  concentrations. 

The  clinical  trial  from  which  the  samples  analyzed  in  this 
study  were  derived  indicated  that  9-ris-RA  had  some  side  effects. 
Specifically,  subjects  in  the  9-ris-RA  group  experienced  grade  2  (46 
subjects)  and  grade  3  (nine  subjects)  toxic  effects  typical  of 
retinoid  treatment,  including  skin  rash,  hypertriglyceridemia, 
headache,  cheilitis,  conjunctivitis,  arthralgia,  and  myalgia. 
Drug- related  toxicity  was  graded  according  to  the  National 
Cancer  Institute's  Common  Toxicity  Criteria.3'1 

The  original  study  had  been  approved  by  the  institutional 
review  board  of  The  M.D.  Anderson  Cancer  Center  and  by  the 
US  Department  of  Health  and  Human  Sendees.  Our  current 
study  was  also  approved  by  the  institutional  review  board  at 
M.D.  Anderson. 

IGF-t  and  IGFBP-3  Measurements 

For  analysis  of  serum  concentrations  of  IGF-t  and  1GFBF-3, 
blood  samples  were  drawn  from  nonfasting  subjects  and  collected 
in  heparinized  tubes  that  were  transported  immediately  to  the 
laboratory,  where  the  samples  were  immediately  centrifuged  for 
ID  minutes  at  4,000  x  g  and  then  stored  at  -80°C  until  the  assays 
were  performed.  The  scrum  concentration  of  IGF-I  was  measured 
by  a  specific  radioimmunoassay  (Diagnostic  Systems  Laboratories 
Inc,  Webster,  TX)  with  intra-assay  and  interassay  coefficients  of 
variation  of  less  than  4%  and  8%,  respectively.  To  separate  IGFs 
from  their  binding  proteins,  we  mixed  serum  specimens  with  an 
acid-ethanol  extraction  buffer  before  measurement.  The  extrac¬ 
tion  procedure  had  been  previously  evaluated,  and  the  efficiency 
of  the  extraction  was  identical  to  that  for  add -column  chromatog¬ 
raphy.35  The  IGFBP-3  concentration  was  also  measured  by  a  spe¬ 
cific  radioimmunoassay  (Diagnostic  Systems  laboratories  Inc) 
with  ultra -assay  and  interassay  coefficients  of  variation  of  less  than 
3.5%  and  7.5%,  respectively,  and  no  cross -reaction  with  other 


JoUSKhL  Or  CUlECAt  Owcococy 


S’Gffr'RA  on  the  !GF  Axis  in  Former  Smokers 


members  of  the  ICFBP  family.  The  assays  were  performed  accord¬ 
ing  to  the  instructions  of  the  manufacturer  and  without  knowl¬ 
edge  of  who  the  subject  was.  The  molar  ratio  oflGF-I  to  IGFBP-3 
was  calculated  as  (0.130  X  1GF-I  concentration  [ng/mL])/( 0.036  X 
IGFBP-3  concentration  [ngfmL]). 

Statistics t  Analysis 

The  characteristics  of  the  study  subjects  were  compared  pre- 
random  assignment,  according  to  sex  or  study  group,  by  using 
Fisher's  exact  test  for  dichotomous  characteristics  and  the 
Kruskal -Wallis  test  for  quantitative  characteristics.  Because  the 
distributions  of  serum  concentrations  oflGF-I  and  IGFBP-3  were 
skewed,  the  differences  between  groups  were  tested  by  using  the 
Wilcoxon  rank  sum  test.  An  overall  treatment  effect  over  time  was 
determined  by  comparing  the  modulation  (ie,  the  value  at  the 
subsequent  visit  minus  the  value  at  the  baseline  evaluation)  in 
serum  concentrations  of  IGF- 1  and  IGFBP-3  and  in  the  molar  ratio 
of  IGF-I  to  IGFBP-3  between  the  9-ris-RA  and  placebo  groups.  All 
P  values  were  determined  by  two-sided  tests.  Associations  were 
considered  statistically  significant  at  P  values  less  than  .05.  In  the 
multivariate  analysis,  the  variables  of  sex,  age,  smoking  status,  and 
body  mass  index  (body  weight  in  kg/height  in  nr)  were  included 
in  the  model 


Subject  Characteristics 

The  characteristics  of  eligible  subjects  were  described 
in  detail  previously^  9  Of  the  226  former  smokers  enrolled 
m  the  original  diemoprevention  trial,  149  were  randomly 
assigned  to  placebo  or  9-ri$-RA  treatments,  and  1 1 3  of  them 
completed  3  months  of  treatment.  The  characteristics  of 
subjects  assessable  for  our  study  are  detailed  in  Table  L 
Each  treatment  group  was  well  balanced  for  sex,  race,  age, 
body  mass  index,  and  history  of  smoking.  Blood  samples 
from  111  of  these  subjects  (52  women  and  59  men;  56  from 
the  9-aV-RA  group  and  55  from  the  placebo  group)  at  the 
baseline  of  the  study,  and  from  84  (40  women  and  44  men; 
41  from  the  9-ds-RA  group  and  43  from  the  placebo  group) 
after  3  months  of  treatment  were  assessable  for  serum  con¬ 
centrations  of  IGF-I  and  IGFBP-3.  The  two  treatment 
groups  had  comparable  baseline  mean  serum  concentra¬ 
tions  of  IGF-I  and  IGFBP-3  and  similar  molar  ratios  of 
IGF-I  to  IGFBP-3  (Table  2). 

To  determine  whether  subject  characteristics  affected 
the  baseline  serum  concen  trations  of  IGF-I  or  IGFBP-3,  we 
evaluated  the  correlation  between  certain  variables  (eg,  sex, 
race,  age,  body  mass  index,  pack-years  of  smoking,  and 
number  of  years  since  stopping  smoking)  and  the  baseline 
serum  concentrations  of  IGF-I  and  IGFBP-3  and  the  molar 
ratio  of  IGF-1  to  IGFBP-3  (Table  3).  The  baseline  serum 
concentration  of  IGF-I  and  the  molar  ratio  of  IGF-I  to 
IGFBP-3  were  significantly  lower  in  women,  whereas  the 
IGFBP-3  concentration  was  slightly  higher,  though  the  dif¬ 
ference  did  not  reach  statistical  significance.  Moreover,  the 
serum  concentration  of  IGF-I  and  the  molar  ratio  of  IGF-I 


to  IGFBP-3  in  women  significantly  decreased  with  increas¬ 
ing  age  (Fig  1  A).  Because  serum  concentrations  of  IGF-1  are 
reduced  in  women  treated  with  hormone  replacement  ther¬ 
apy  (HRT),3* 37  we  analyzed  whether  the  changes  in  the 
baseline  serum  concentration  of  IGF-1  and  the  baseline 
molar  ratio  of  IGF-I  to  lGFBF-3  were  associated  with  HRT 
use  among  women.  Self- reported  data  for  HRT  use  were 
available  for  38  of  the  52  women  (Table  3).  Overall,  baseline 
serum  concentrations  IGF-I  and  molar  ratios  of  IGF-I  to 
IGFBP-3  concentrations  were  significantly  lower  in  the 
HRT  users  than  the  non-HRT  users  (Fig  IB).  Among  HRT 
users,  differences  in  the  IGFBP-3  concentrations  were  not 
significantly  different.  The  mean  baseline  serum  concentra¬ 
tions  of  IGF-I  and  IGFBP-3,  and  the  molar  ratio  of  IGF-I  to 
IGFBP-3  in  the  HRT  users  are  summarized  in  Table  3.  Race, 
body  mass  index,  number  of  pack-years,  and  years  since 
stopping  smoking  did  not  affect  the  serum  concentrations 
of  IGF-I  and  IGFBP-3  or  the  molar  ratio  of  IGF- 1  to 
IGFBP-3  in  the  study  population. 

Effect  of  9-cis-fM  on  IGF4  and  IGFBP-3  Serum 
Concentrations  and  on  the  IGF4  to  IGFBP-3 
Molar  Ratio 

The  primary  end  point  of  the  original  lung  cancer 
chemoprevention  trial  was  restoration  of  RAR/3  expression 
in  the  bronchial  epithelium.29  In  the  previous  study,  we 
demonstrated  that,  compared  with  the  effect  of  placebo,  the 
median  change  in  receptor  index  was  significantly  different 
from  placebo  for  9-ds-RA  but  not  for  13-cis-RA  plus  AT,'9 
raising  the  possibility  that  9-ris-RA  has  potential  chemopre- 
vemive  properties  in  former  smokers. 

In  the  current  study,  we  evaluated  the  serum  concen¬ 
trations  of  the  IGF  axis  in  former  smokers  during  treatment 
with  9-cis-RA.  The  modulations  in  mean  serum  concen¬ 
trations  of  IGF-I  and  IGFBP-3  and  in  the  molar  ratio  of 
IGF-I  to  IGFBP-3  in  the  two  treatment  groups  during  3 
months  of  treatment  are  illustrated  in  Figure  2.  The  mean 
changes  in  the  placebo  and  9-cis-RA  groups  are  summa¬ 
rized  in  Table  4,  Compared  with  the  placebo  group,  the 
9-os-RA  group  exhibited  a  statistically  significant  mod¬ 
ulation  in  the  IGF  axis.  The  mean  changes  from  the 
study's  baseline  to  the  end  of  3  months  of  treatment  in 
the  placebo  and  9-cis-RA  groups  were  as  follows:  IGF-I, 
14.3  and  -19.2,  respectively;  IGFBP-3,  - 175.1  and 
196.6,  respectively;  and  molar  ratio  oflGF-l  to  IGFBP-3, 
0.05  and  “0.06,  respectively.  These  findings  suggested 
lhat9-ris-RA  increases  serum  con  centra  lions  of  IGFBP-3 
and  decreases  serum  concentrations  of  IGF-I,  thus  re¬ 
ducing  the  molar  ratio  of  IGF-I  to  IGFBP-3. 

To  determine  whether  the  differences  in  the  serum 
concentrations  of  IGFBP3  between  untreated  and  treated 
groups  reflected  differences  at  the  tissue  level,  we  also  per¬ 
formed  immunohistochemical  analysis  of  IGFBP3,  using 
the  methodology  described  previously  for  lung  cancer 
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Tfcbln  1  Characteristics  ol  Subjects  According  to  Treatment  Group 

Placebo  (n  **  SI) 

9-Ci-s-RA  In  -  52) 

Characteristic 

No. 

% 

NO. 

% 

p. 

Se* 

Male 

37 

30  7 

27 

51  9 

35 

Female 

24 

393 

25 

401 

Race 

White 

52 

85.3 

49 

S4.2 

African  American 

6 

90 

2 

3,3 

35 

Hispanic 

3 

43 

\ 

19 

As>an 

0 

0,0 

0 

00 

Smoiang-retated  cancer 

No 

54 

88.5 

48 

92.3 

54 

Yea 

7 

11.5 

4 

7  7 

Ape,  years 

Mean 

561 

55  7 

.12 

SD 

8.9 

92 

Median 

5B8 

54.3 

Range 

34  9  73  6 

35,9-74  5 

BMI 

Mean 

27.8 

28  1 

92 

SD 

4.1 

5.38 

Median 

27.1 

27.3 

Range 

20  6-39,4 

19  4-44  4 

Smoking  vaar* 

Mean 

29,1 

27  3 

39 

SO 

3.6 

9.5 

Median 

30 

26 

Range 

15-50 

1£>50 

PPD 

Mean 

1.7 

1.3 

23 

SD 

07 

0,8 

Median 

15 

2 

Range 

1“4 

0.8-4 

Pack-years 

Mean 

50.2 

52  6 

94 

SD 

27  2 

305 

Median 

42.5 

42 

Range 

20-135 

20-*  36 

Smoking  Quit  years 

Mean 

10.4 

11  0 

56 

SD 

as 

8  7 

Median 

10.1 

7.8 

Range 

1  1-35  2 

1 .0-38,2 

Abbreviations:  9-as-RA.  9-crs-retinoic  acid:  SD.  standard  elevation;  BMlr  body  mass  index;  PPD,  packs  per  day 

‘The  Wiicoxor.  rank-sum  test  was  performed  to  test  continuous  variables  between  two  treatment  groups.  The  jy2  test  tfer  sex)  arvo  Fisher's  exact  test  [for 

race  and  smoking-related  cancer]  were  performed  to  test  tbe  association  between  two  categorical  variables. 

samples,20  in  more  than  90%  of  the  cases.  The  intensity  of 
IGFBP-3  expression  in  the  normal  and  hyper  plastic  epithe¬ 
lial  tissue  samples  was  high,  and  differences  between  pla¬ 
cebo-  and  9 treated  groups  were  not  significant 
(data  not  shown)*  We  suggest  that  the  reason  for  the  appar¬ 
ent  discrepancy  between  the  results  of  the  plasma  concen* 
tration  analysis  reported  in  this  article  and  the  tissue 
analysis  is  the  higher  sensitivity  and  dynamic  range  of  the 
enzyme-linked  immunosorbent  assay  for  the  plasma  IG- 
FBP3  and  IGFl  compared  with  the  limited  dynamic  range 


of  the  immunohistochemical  analysis.  In  addition,  the 
sources  of  IGFl  and  IGFBP-3  in  the  blood  include  the  liver 
and  other  tissues  and  is  not  expected  to  be  directly  related  to 
expression  in  bronchial  epithelial  cells. 

Correlation  Between  Changes  in  Tissue  Level  of 
RAR-fi  and  Modulation  of  the  IGF  Axis  induced 
by  S-c'is-RA 

We  further  evaluated  the  association  between  the 
changes  in  serum  concentrations  of  the  IGF  axis  peptides 
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Tibi*  2,  The  Base^n*  Serum  Concentration  of  IGF-!,  IGFBP-3.  and  I GF-i  IGFBP-3  Molar  Patio  in  the  Study  Population  According  to  Treatment  Group 


Placebo  tn 

-  65) 

9-ds-RA  (r 

-  561 

P * 

Mean 

SD 

95%  Cl 

Mean 

SD 

95%  Cl 

IGF-I.  ng/mL 

308.8 

1233 

175.4  to  242.1 

2360 

U79 

204  4  to  267,5 

87 

IGFBP-3,  ng/mL 

2,416  5 

326  2 

2.1 93.2  to  2,639,9 

2.41 5,5 

636,2 

2.245  1  to  2.5853 

23 

IGF-I  IGFBP-3 

0.33 

0.20 

0.26  1O0  39 

038 

0,20 

0.32  to  0  43 

22 

Abbreviation:  9-jjS'RA  9-$r>fatiHOC  aoa;  SD,  standard  deviation;  IGFBP-3.  insulin-like  growth  factor  binding  protein  3:  IGF-I.  insuJirvhke  growth  factor  I, 
‘Pwas  obtained  from  the  Wilcoxon  rank  sum  test 


and  changes  in  the  tissue  expression  level  of  RAR/3  during 
9-nVRA  treatment.  To  determine  the  effect  of  treatment  on 
loss  of  RAR/J  expression  at  any  biopsy  site,  the  subjects  were 
grouped  according  to  whether  their  biopsy  samples  were 
positive  (ie,  RAR/3  was  detected  in  all  six  biopsy  sites)  or 
negative  (ie,  RAR/3  was  not  detected  in  at  least  one  biopsy 
site)  for  RAR/3  expression,  and  the  effects  of  treatment  on 
RARp  expression  was  determined  as  a  binary  variable  (ie, 
loss  of  RAR/3  expression  at  any  biopsy  site).  The  modula¬ 
tion  of  serum  concentrations  of  IGF-I  and  IGFBP-3  and  the 
molar  ratio  of  IGF-I  to  IGFBP-3  were  not  significantly 
correlated  with  baseline  RAR/3  expression  (Fig  3A)  or  with 
the  changes  in  tissue  RAR/3  expression  induced  by  9-ris-RA 
(Fig  38). 


Our  main  finding  in  this  analysis  of  data  collected  from  a 
completed  chemoprevention  trial  assessing  the  benefits  of 
9-ds-RA  for  former  smokers  was  that  the  IGF  axis  can  be 
modulated  by  9-ci'j-RA  in  a  population  of  former  smokers. 
To  our  knowledge,  this  is  the  first  report  showing  modula¬ 
tion  of  the  IGF  axis  by  9-ds-RA  in  the  setting  of  a  chemo¬ 
prevention  trial. 

Growing  evidence  supports  an  association  between  the 
IGF  axis  and  the  risk  for  lung  cancer5  and  suggests  that  the 
development  of  agents  targeting  the  IGF  axis  could  be  an 
effective  strategy  in  chemoprevention  of  the  disease.  There¬ 
fore,  retinoids,  shown  to  regulate  the  IGF  axis  in  vitro22,3*3* 


Table  1  Association  Between  Baseline  JGF-L  IGFBP-3,  eng  IGF'!  fGFBP-3  Motor  Ratio  and  Subjects'  Demographic  Che raoterisiios 

IGF-I  IGFBP-3  IGF-I:  IGF  BP-3 


Characteristic 

Mean 

SD 

P 

Mean 

SD 

P 

Mean 

SD 

P 

Sex 

Male  In  -  591 

261  3 

108  2 

0002 

2.373  4 

784.7 

52 

0.43 

0.19 

<  0001 

Female  {n  =  52) 

HftT 

178.5 

120.1 

2,4644 

674  2 

0.28 

0  19 

HPT  use  in  *  23} 

1399 

89  22 

.034 

2.331 

7706 

16 

0.23 

0.13 

009 

No  HRT  use  Eft  *  151 

Race 

282  9 

1399 

2,523 

556  4 

0.43 

025 

White  in  -  98) 

220  0 

122  4 

-51 

2,439.1 

7322 

.51 

0  35 

0  21 

46 

African  American  {n  *  9) 

261  6 

107.4 

2.3563 

740.0 

039 

006 

Hispanic  (n  ■  4) 

Age,  years 

196  3 

118  6 

1,983.8 

798.3 

0.35 

0  23 

<60tn  -  71) 

228  2 

118.8 

47 

2,353.6 

6583 

43 

0.37 

0,21 

22 

a  60  tn  -  40) 

SMJ 

212.4 

125.1 

2,5268 

847  6 

032 

0  20 

<  28  In  =  641 

235.1 

1 17,4 

.20 

2.360.9 

660  6 

.51 

0.38 

020 

:6 

£  28  In  *  421 
^ack-vea'S 

206  7 

129,8 

2,4834 

854  0 

033 

072 

<  40  (n  -  461 

234  3 

125  9 

.39 

2,388  9 

624,2 

.81 

0.37 

020 

44 

*  40  (r>  <*  65) 

Years  aurt  smoking 

214.2 

1173 

2.435  2 

605  6 

0.36 

020 

<  10  in  «  61) 

2169 

1217 

.60 

2,434  8 

7700 

.85 

035 

021 

89 

*  10  tn  *  50) 

2294 

1205 

2.393  1 

692.6 

0.36 

0  20 

NOTE.  Pwas  obtained  from  the  Wilcoxon  rank  sum  lest. 

Abbreviations:  IGF-I.  jnaulifrlifcB  growth  factor-J;  IGF  BP-3,  insulin-like  growth  factor  bi  riding  protdrv3.  SD.  standard  deviation;  BMi.  body  mass  moex. 
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Fig  1*  Effect  Of  subject  characteristics  on  tie  baseline  serum  cones  ruraiions  Of  IGF-I  and  IGF3P*3  the  molar  ratio  of  IGH  to  IGF8P-3  CoTefatioi  between  age 
and  the  baseline  serum  concentrations  ot  IGF1  |r>g/mU  antf  IGFBP-3  ing/ml)  and  the  molar  ratio  of  IGF-I  to  iGFBP-3  by  increasing  age  in  {A}  female  and  [fl)  male 
subjects  \C)  Effect  of  HRT  use  on  the  baseline  serum  concentrations  of  IGM  fngfrnl]  and  lGFBP-3  InsfrnU  and  on  the  IGF-I  to  lGFBP-3  ratio.  '**  md  cates 
HRT  use  and  indicates  no  HRT  use,  tGF<  insulin-lite  growth  factor;  fGFBP.  fGr  binding  protein;  HRT,  hormone  replacement  therapy 


have  a  potential  to  exert  chemopreventive  activities.  Indeed, 
several  findings  have  demonstrated  the  potential  use  of 
retinoids  as  chemopreventive  agents.  For  example,  9-ris-RA 
has  shown  antiproliferative  activity  against  a  broad  range  of 
neoplastic  cells,  including  those  from  prostate  cancer,40 
breast  cancer,41'42  Leukemia  and  lymphoma/5  lung  can¬ 
cer,*4  and  head  and  neck  cancer/5  In  vivo,  9-ds-RA  has 
substantial  an  heard  nogenie  activity  in  rat  mammary 


glands4*'47  and  rat  colons/6  More  recently,  the  synthetic 
retinoid  fenretinide  has  been  shown  to  modulate  circulat¬ 
ing  IGF-I  and  IGFBP-3  concentrations  in  breast  cancer 
patients/9,50  and  the  relative  risk  of  a  second  breast  can¬ 
cer  was  35%  lower  in  premenopausal  women  treated  with 
fenretinide  than  in  those  who  received  no  treatment/1 
Thus,  from  the  standpoint  of  directing  future  chemopre- 
vention  trials,  our  findings  are  important  because  we  have 
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shown  both  that  clinical  trials  targeting  the  IGF  axis  in 
former  smokers  are  feasible  and  that  9-ris-RA  can  modulate 
the  IGF  axis  in  this  population* 

To  determine  whether  the  characteristics  of  subjects 
affected  the  baseline  IGF  axis,  we  evaluated  many  variables, 
such  as  sex,  age,  nutritional  status,  and  growth  hormone 
secretion  level,  which  have  all  been  shown  to  affect  the 
serum  concentrations  of  IGF -I* 5 2  The  baseline  serum  level 
of  1GF-I  and  the  molar  ratio  of  IGF-I  to  IGFBP-3  were 
significantly  lower  in  women  than  in  men.  Estrogen  is  most 
likely  responsible  for  the  sex-related  difference  in  the  serum 
concentration  of  IGF- 1.  Endogenous  estrogens  have  been 
shown  to  directly  regulate  circulating  IGF-I  synthesis55  and 
oral  administration  of  estrogen  decreases  IGF-I  serum  con¬ 
centrations*^55  In  our  study,  38  of  the  52  women  took  HRT 
during  the  treatment  period,  and  the  serum  concentrations 
of  IGF-I  were  significantly  lower  for  HRT  users  than  for 
non-HRT  users.  Therefore,  the  significant  difference  in  se¬ 
rum  concentrations  of  IGF-I  and  the  molar  ratio  of  IGF- 1  to 
IGFBP-3  might  have  resulted  from  the  HRT.  The  role  of 
estrogen  in  regulating  the  IGF-I  level  is  further  supported 
by  the  recent  finding  that  the  IGF-]  concentrations  of 
women  using  HRT  were  significantly  lower  than  those  of 
women  not  using  HRT*37  Studies  have  suggested  that  HRT 
use  is  associated  with  a  decreased  risk  for  several  types  of 
cancer,  including  lung  cancer,  through  decreases  in  the 
production  of  IGF-I*56,57  Therefore,  if  a  high  level  of 
IGF-I  is  a  putative  risk  factor  for  lung  cancer,  HRT  use 
appears  to  lower  IGF-I  concentrations,  thereby  decreas¬ 
ing  lung  cancer  risk. 

We  also  observed  that  baseline  serum  concentrations 
of  IGF-I  and  the  molar  ratio  of  IGF-I  to  IGFBP-3  were 
significantly  decreased  with  increasing  age  in  women.  Du¬ 
ration  of  HRT  use  is  also  likely  responsible  for  the  age- 
related  difference  in  the  serum  concentration  of  IGF-I  in  a 
female  population  because  older  women  may  conceivably 
have  used  HRT  for  a  longer  time.  The  decrease  in  IGF-1  con¬ 
centrations  with  aging  has  been  described  many  times,49’51*59 
and  maybe  due  in  part  to  decreased  growth  hormone  levels.60 
In  normal  subjects,  the  interaction  between  growth  hormone 


Fig  Z  Effect  of  9  ^retinoic  aod  on  the  modulation  of  the 

JGFBF-3  concentration,  IGF-I  concentration,  and  the  IGF 4  to  IGFBP-3  ratio 
after  the  3  months  of  treatment  The  distributions  at  serum  concentrator* 
Of  IGF-1  ano  IGFBP-3  and  Ot  the  IGF4  to  IGF  BP-3  ratio  are  presented  us ng 
box  plots  Tne  top  and  bottom  edges  Of  tne  box  portion  ot  the  plots 
represent  the  75th  and  25th  percentiles,  respectively,  of  the  distributions 
The  vertical  bars  extend  to  the  90th  and  10th  percentiles  The  Pv aue  was 
obtained  by  using  the  WiScoxon  rank  sum  test  comparing  baseline  values 
and  the  modulation  ot  rGFBP-3  concentration,  lGf-l  concentration,  and  the 
LGF-1  to  IGFBP-3  ratio  between  the  9-c/s-RA  and  placebo  groups  Attei  3 
months  df  treatment  with  9-cjs-RA,  the  serum  level  of  IGF-I  end  the  IGF-I  to 
IGFBP-3  ratio  were  significantly  lower  IP  ^  .03  and  P  <  .01 ,  respectively)  jn 
the  group  receiving  9-cs-RA  than  in  the  placebo  group,  whereas  the  serum 
leva"  of  IGFBP-3  was  significant^  higher  (P  -  ,03V  X.  variables:  horizontal 
iheH  medians  of  the  variables;  IGF,  rnsuJin-iike  growth  factor  iGFBP,  IGF 
binning  protein 
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Table  4.  Modulation  of  Serum  Concentration  of  IGF  I,  sGFBP-3,  and  IGF-l  IGFBP-3  Molar  Rato  in  the  Study  Population  According  to  Treatment  Group 

Placebo  m  “  431  9-as-ftA  {n  «  41) 


Mean 

SD 

Median 

Range 

Mean 

SD 

Median 

Range 

p. 

IGF-I  (ng/mu 

14.3 

B50 

145 

-2B2.4-216  5 

—  19  2 

?aa 

-14.7 

-238  9*136  1 

.03 

IGFBP4  jng/mU 

-175.1 

7909 

“109.7 

-2,277  2*1,546  9 

1966 

657,5 

1001 

-1.099  4-2,325  7 

03 

(GF-i  IGFBP-3t 

0.05 

0.2 

0.06 

-0  7-0  7 

-006 

0.2 

-003 

-0  4*0  3 

.0008 

Abbreviations:  9-ciS-flA  retinoic  ecid;  SD,  slav'd  deviation;  IGF  BP-3  P  insulin -like  growth  factor  binding  proton  3;  IGF-I,  in$uhn-like  growth  factor  I 
*P  comparing  the  differences  between  the  baseiine  and  me  3rd  month  valves  were  obtained  from  the  Witcoxon  rank  sum  test, 

TlGF-1  IGFBP-3  -  0  13  lGF-i/0  036  IGFBP3 


and  its  specific  hepatic  receptor  stimulates  expression  of  the 
IGF-I  gene  and  the  release  of  the  IGF-I  polypeptide.52  There¬ 
fore,  it  is  likely  that  the  concentration  of  IGF- 1  declines  with 
age,  as  do  secretions  of  growth  hormone.  However,  we  have 


not  observed  a  significant  correlation  between  the  age  of 
the  study  population  in  men  and  serum  concentrations 
of  IGF-I  and  IGFBP-3  or  the  molar  ratio  of  IGF-I  to 
IGFBP-3  in  our  study. 


Bq  a  Correlation  b etwee-  PA Rfi  expression  in  issue  end  modulation  of  the  IGF -axis  (A)  A  Wilcoxon  rank  sum  test  was  performed  to  lest  me  statistic* 
significance  of  the  changes  in  the  median  PAR p  expression  in  tissues  from  baseline  to  alter  3  months  of  treatment.  {B}  Kruskal-Waliis  test  was  performed 
cornpanng  tne  modulations  in  the  median  jGFBP-3  concentration,  IGFH  concentration,  and  IGF-I  to  IGFBP-3  ratio  from  baseline  to  3  months  after  treatment  with 
the  modulation  in  median  RAR0  expression  in  tissue  Subjects  were  grouped  according  to  their  levels  of  RAP0  expression  at  baseline  and  at  3  months  after 
treatment  (+/+,  +/-,  -/+,  -/-),  *+“  indicates  that  PARfJ  was  delected  in  all  six  fropsv  sites;  indicates  that  RAR-0  was  not  detected  in  at  least  one 
biopsy  site.  The  number  of  subjects  with  each  combination  of  RARjS  expression  is  given  RARjS.  retinoic  acid  receptor;  IGF.  msufin-like  growth  factor. 
IGF  BP.  IGF  binding  protein 
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9-cjs-RA  on  tha  IGF  Axis  in  Former  Smokers 


Growth  hormone  deficiency  is  also  associated  with  a 
decreased  muscle  mass  and  increased  body  fat*1  and  it  has 
been  hypothesized  that  iow  IGF-I  concentrations  are  asso¬ 
ciated  with  high  body  fat,  weight  gain  over  time,  and  high 
body  mass  index*"  This  hypothesis  was  supported  by  a 
study  of  Swedish  men  and  women,  which  showed  an  inverse 
association  between  IGF- 1  concentrations  and  body  mass 
index.53  However,  we  have  not  observed  such  correlation 
between  IGF-I  and  body  mass  index,  similar  to  the  Rancho 
Bernardo  study.59 

The  effects  of  smoking  on  serum  concentrations  of 
IGF-I  are  unclear,  A  positive  association  between  IGF-I 
concentrations  and  pack-years  of  smoking  and  a  negative 
association  between  pack-years  or  the  number  of  ciga¬ 
rettes/d  and  concentrations  of  IGFBP-3  have  been  shown.63 
However,  an  inverse  association  between  IGF- 1  concentra¬ 
tions  and  smoking  has  been  also  reported  among  men, 
although  not  among  women.53  Recently,  Holmes  et  aPs 
showed  that  lower  serum  concentrations  of  IGF-1  are  sig¬ 
nificantly  associated  with  smoking.  In  our  study  subjects, 
we  observed  a  very  modest  decrease  in  IGF-I  concentrations 
and  an  increase  in  IGFBP-3  concentrations  associated  with 
pack-years.  However,  smoking  history  generally  did  not 
affect  the  serum  concentrations  of  IGF-I  and  IGFBP-3  or 
the  molar  ratio  of  IGF-I  to  IGFBP-3. 

We  observed  that  subjects  in  the  9-os-RA  group  had  a 
significant  decrease  in  their  IGF- 1  serum  concentration,  an 
increase  in  their  IGFBP-3  serum  concentration,  and  a  de¬ 
crease  in  the  molar  ratio  of  IGF-I  to  IGFBP-3  compared  with 
subjects  in  the  placebo  group.  The  magnitude  of  the  9-os-RA- 
induced  changes  in  the  IGF  axis  was  moderate.  This  may  be  a 
consequence  of  the  substantial  interindividual  variability  in 
concentrations  of  9-ds-RA  and  IGFs,  which  is  at  least  in  part 
genetically  driven.33  Given  the  potential  therapeutic  activity  of 
both  exogenous  growth  hormone  and  IGF-I  against  heart  fail¬ 
ure64  and  the  long-term  positive  association  between  the  de¬ 
cline  in  serum  IGF-I  concentrations  and  aging,65  a  moderate 
yet  durable  effect  of  9-as-RA  on  the  IGF  axis  may  be  desirable 
in  a  preventive  context 

Although  the  exact  mechanisms  underlying  the  modu¬ 
lation  o  f  the  IGF  axis  by  9-ris-RA  are  unclear,  several  in  vitro 
results  suggest  the  ability  of  retinoids  to  regulate  the  IGF 
axis;  retinoids  have  been  shown  to  regulate  the  expression 
oflGFBPs22*23'6*;  likewise,  IGFs  have  been  shown  to  mod¬ 
ulate  the  cellular  response  of  RAs,  and  vice  versa,24  The 
induction  of  IGFBP-3  expression  is  activated  by  retinoids. 
We  previously  demonstrated  that  all-mms-RA  increases 
IGF  BP- 3  expression  at  a  transcriptional  level  through  a 
RAR-  a -depen dent  signaling  pathway.22  It  is  well  known 
that  the  cellular  effects  of  RAs  are  mediated  by  RXRs  and 
RARs.  9-ds-RA  is  a  ligand  for  both  RXRs  and  RARs,  but  its 
affinity  for  RXRs  is  40 -fold  higher  than  for  RARs.  On  the 
other  hand,  RA  is  primarily  a  ligand  for  RARs  and  only 
activates  RXRs  at  high  concentrations.67  Recently,  the 


vitamin  D  receptor  has  been  identified  in  the  IGFBP-3 
promoter,  and  RXR  has  been  shown  to  be  required  for 
1,25  -dihydroxyvi  tarn  in  D^-induced  gene  transcription.68 
Therefore,  treatment  with  9-cis-RA  could  lead  to  there  be¬ 
ing  available  ligand  for  activation  of  both  the  RAR:  RXR  and 
the  VDRrRXR  heterodimeric  complex,  so  that  IGFBP-3 
gene  transcription  could  be  efficiently  activated. 

Given  the  inverse  association  between  estrogen  and 
serum  IGF-I  concentrations,  the  ability  of  9-os-RA  to  reg¬ 
ulate  type  1  17^-hydroxysteroid  dehydrogenases,69  which 
catalyzes  the  conversion  of  estrone  and  1 7  jS- estradiol,  could 
increase  the  level  of  17jS-estradiol,  the  physiologically  sig¬ 
nificant  molecule  of  estrogen,  and  thereby  decrease  IGF-I 
concentrations.  The  ability  of  estrogens  to  increase  the  ex¬ 
pression  of  vitamin  D  receptors  in  vitro70  may  also  contrib¬ 
ute  to  decreased  concentrations  of  IGF-I  by  inducing 
IGFBP-3  expression.73  Additional  work  will  be  necessary  to 
investigate  the  mechanism  that  mediates  the  regulation  of 
the  IGF  axis  by  9-ds-RA  in  former  smokers. 

Because  9-ds-RA  treatment  increased  the  tissue  ex¬ 
pression  of  RARJ3,  we  also  explored  the  correlation  between 
tissue  levels  of  RAR0  and  serum  concentrations  of  the  IGF 
axis.  However,  we  did  not  find  any  significant  correlation 
between  the  modulation  of  the  serum  concentrations  of  IGF-I 
or  IGFBP-3  and  RARjS  expression  in  the  tissue.  These  findings 
provide  evidence  that  the  mechanisms  involved  in  9-ds-RA- 
mediated  gene  expression  are  diverse  and  complex. 

In  conclusion*  we  are  the  first  to  show  that  3  months  of 
treatment  with  9-ds-RA  decreased  the  serum  level  of  IGF-1 
and  the  molar  ratio  of  IGF-I  to  IGFBP-3  and  increased  the 
serum  level  of  IGFBP-3  in  former  smokers.  These  effects 
may  contribute  to  the  chemoprevemive  benefit  of  9-ds-RA 
to  former  smokers.  Despite  these  promising  findings,  en¬ 
thusiasm  for  the  use  of  9-ds-RA  as  a  chemo  preventive  agent 
for  lung  cancer  could  be  tempered  by  the  toxic  effects  of  the 
agent.29  Although  there  were  no  serious  side  effects  such  as 
cardiovascular  problems,  pancreatitis,  or  death  in  the  sub¬ 
jects  treated  with  9-ds-RA  in  our  previous  prevention 
study,  and  only  one  patient  with  grade  4  hypertriglyceride¬ 
mia  stopped  9-ds-RA  treatment,  it  would  be  better  to  de¬ 
velop  newer  agents  that  are  related  to  9-ds-RA  but  that  do 
not  have  the  toxic  effects  of  9-ds-RA.  Because  9-ds-RA  can 
activate  both  RARs  and  RXRs  and  because  the  toxicides  are 
thought  to  be  mediated  by  RAR-RXR  heterodimers,  it  had 
been  suggested  that  "pure7"  RXR  selective  synthetic  retin¬ 
oids  may  exert  the  beneficial  effects  of  retinoids  without  the 
roxicities.  Indeed,  a  group  of  RXR -selective  retinoids  (“rexi- 
noids")  has  demonstrated  efficacy  with  fewer  adverse  effects 
in  patients  with  N5CLC  in  early  clinical  trials.72  Therefore, 
whether  rexinoids  regulate  the  IGF  axis  and  thereby  reduce 
lung  cancer  risk  would  be  a  worthwhile  topic  for  future  chc* 
moprevention  trials  in  former  smokers.  In  addition,  because 
Ras- mediated  signaling  pathways  may  participate  in  the 
development  of  resistance  to  IGFBP-3,73  the  combination 
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of  RXR-sdective  agonists  and  inhibitors  of  the  Ras- 
mediated  signaling  pathway  could  also  be  considered. 
Clearly,  additional  work  will  be  necessary  to  determine 
whether  the  modulation  of  the  IGF  sods  by  9-oj-RA  corre¬ 
lates  with  the  ability  to  reduce  lung  cancer  risk  in  former 
smokers.  In  addition,  further  investigation  into  the  role  of 
serum  concentrations  of  IGF-I  and  IGFBP-3  as  surrogate 


biomarkers  in  determining  the  chemoprevemive  effects  of 
retinoids  are  warranted, 
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Summary.  When  multiple  drugs  are  administered  simultaneously,  investigators  are  often  interested  in 
assessing  whether  the  drug  combinations  are  synergistic,  additive,  or  anLagomsik.  Based  on  the  Ixiewe 
additivity  reference  model,  many  existing  response  surface  models  require  constant  relative  potency  and 
some  of  them  use  a  single  parameter  to  capture  synergy,  additivity,  or  antagonism.  However,  the  assump¬ 
tion  of  constant  relative  potency  is  too  restrictive,  and  these  models  using  a  single  parameter  to  capture 
drug  interaction  arc  inadequate  to  describe  the  phenomenon  when  synergy,  additivity,  and  antagonism  are 
interspersed  in  different  regions  of  drug  combinations.  We  propose  a  generalized  response  surface  model 
with  a  function  of  doses  instead  of  one  single  parameter  to  identify  and  quantify  departure  from  additivity. 
The  proposed  model  can  incorporate  varying  relative  potencies  among  multiple  drugs  as  well.  Examples  and 
simulations  are  given  to  demonstrate  that  the  proposed  model  is  effective  in  capturing  different  patterns  of 
drug  interaction. 

Key  words;  Additivity;  Antagonism;  Dose-response  curve:  Dose-response  surface;  Interaction  index; 
Loewe  additivity  model;  Synergy, 


1,  Introduction 

Studies  of  interactions  among  biologically  active  agents,  such 
as  drugs,  carcinogens,  or  environmental  pollutants,  have  be¬ 
come  increasingly  important  in  many  branches  of  biomedical 
research  (Suhnel,  1998).  An  effective  and  accurate  evaluation 
of  drug  interact  ion  for  in  vitro  and/or  in  vivo  studies  can 
help  to  determine  whether  a  combination  therapy  should  be 
further  investigated  in  clinical  trials. 

The  literature  supports  the  notion  that  the  Loewe  additiv¬ 
ity  model  can  be  considered  as  the  “gold  standard’"  to  de¬ 
fine  drug  interactions  (Berenbaum,  1989;  Greco,  Bravo,  and 
Parsons,  1995).  Based  on  the  Loewe  additivity  model,  we  fo¬ 
cus  on  applying  the  response  surface  method  (RSM)  to  study 
drug  interaction.  The  RSM,  which  involves  an  estimation  of 
the  (n  i-  1) -dimensional  response  surface  in  n  drug  combi¬ 
nations,  can  take  all  of  the  information  present  in  the  full 
dose-elf cct  data  set  for  n  drugs  to  give  a  complete  picture  of 
drug  interactions  over  all  possible  drug  combinations.  In  addi¬ 
tion,  the  RSM  can  be  used  to  determine  the  optimal  combina¬ 
tion  therapy.  Many  examples  of  the  RSM  (e.g.,  Finney,  1971; 
Greco,  Park,  and  Rust  urn,  1990;  Plummer  and  Short.  1990) 
used  a  single  parameter  to  capture  synergy,  additivity,  or  an¬ 
tagonism.  These  approaches  are  valid  if  only  either  synergy, 
additivity,  or  antagonism  exists  throughout  the  whole  sur¬ 
face.  They  are  inadequate  to  describe  the  presence  of  pock¬ 
ets  of  local  synergy  or  local  antagonism  when  they  are  in¬ 
terspersed  in  different  regions  of  drug  combinations.  White 
el  al  (2004)  proposed  a  nonlinear  mixture  response  surface 
approach  based  on  the  assumption  that  the  combination  doses 


at  each  fixed  ratio  follow  the  median  effect  model  (Chou  and 
Talalay,  1984),  and  the  parameters  in  the  median  effect  model 
are  assumed  to  be  polynomials  of  the  ratio.  The  resulting 
models  capture  synergy,  additivity,  or  antagonism  exclusively 
based  on  the  50%  maximal  effect  isoboles.  However,  al  a  fixed 
ratio,  the  combination  doses  of  two  drugs  do  not  necessarily 
yield  the  same  mode  of  drug  interactions  as  that  at  50%  maxi¬ 
mal  effect.  For  example,  SaveJev  et  al  (2003)  showed  that  the 
combinations  of  1,8-cineoIe  and  a- pinene  at  the  fixed  ratio 
11:1  are  synergistic  for  higher  combination  doses  and  additive 
for  lower  combination  doses.  To  address  this  issue,  we  propose 
a  generalized  response  surface  (GRS)  model  for  two  drugs.  In¬ 
stead  of  using  one  single  parameter,  we  construct  a  function 
of  the  doses  of  two  drugs  to  capture  synergy,  additivity,  and 
antagonism  without  assuming  any  fixed  patterns  of  drug  in¬ 
teractions.  The  model  contains  a  rich  class  of  dose-response 
relationships  and  allows  the  drug  interaction  patterns  to  be 
determined  by  the  observed  data. 

Before  we  proceed,  let  us  recall  a  widely  used  model  that 
provides  a  dose-response  curve  for  a  single  agent:  Chou  and 
Talalay  Ts  (1984)  median  effect  equation, 


Here  d  is  the  dose  of  a  drug,  Dm  is  the  median  effective  dose 
of  a  drug,  and  m  is  a  slope  parameter  depicting  the  shape 


9S6 


O  2006,  The  International  Biometric  Society 


Response  Surface  Model  for  Drug  Interaction 


987 


of  the  dose-response  curve.  All  these  dose-response  curves 
can  be  rewritten  as  y,  a  monotone  function  of  Et  having  a 
linear  relationship  with  log  A  For  example,  the  median  effect 
equation  has  the  form 

Y  ~ Iog  A = mClog<i ' log  Dm) ■  {2) 

All  the  families  described  by  Suhnel  (1998),  excluding  the 
Weibull  family,  can  take  such  form  by  establishing  a  linear  re¬ 
lationship  between  a  monotone  transformation  of  B  and  log  d. 
Tallarida  (2000t  Chapter  2)  pointed  out  that,  in  many  set¬ 
tings,  the  data  points  in  the  mid  range  (say  between  20%  and 
80%  of  the  maximum  effect)  typically  display  a  nearly  linear 
trend  between  the  response  and  the  log  d  when  responses  are 
measured  on  a  continuous  scale.  For  quanta!  response  data, 
Finney  (1971)  and  Govindarajulu  (2001)  pointed  out  that  the 
probit-  or  logistic-trausformed  response  usually  exhibits  a  lin¬ 
ear  relationship  with  log  A  Consequently,  we  assume  that  the 
response  or  transformed  response  follows  a  linear  function  of 
log  d  for  each  of  the  two  drugs  when  acting  alone.  Without 
loss  of  generality,  we  denote  the  dose-response  curve  as  Y  = 
As  +  A  log  A 

Suhnel  (1998)  explicitly  derived  the  combined  additive  ef¬ 
fect  of  two  drugs  under  the  Loewe  additivity  model  and  made 
the  assumption  that  the  slopes  A  are  the  same  for  both  drop. 
Finney  (1971)  proposed  an  additivity  model  for  two  drugs  as 
Y  =  +  0i  log  (di  +  pA>)  for  the  combination  dose  [dit  da)T 

where  p  is  the  relative  potency  of  drug  2  versus  drug  1  and  is 
assumed  to  be  a  constant.  The  constant  p  again  implies  that 
the  two  dose-response  curves  have  the  same  slope.  To  con¬ 
struct  a  generalized  model,  we  would  first  loosen  the  parallel 
assumption  by  allowing  a  varying  relative  potency.  Next,  we 
propose  the  use  of  a  quadratic  function  of  two  doses  instead 
of  one  single  parameter  to  depict  different  patterns  of  drug 
interactions.  The  proposed  model  can  be  considered  as  a  gen¬ 
eralization  of  Finney’s  model  (1971)  and  the  model  derived 
by  Plummer  and  Short  (1990).  We  will  describe  our  proposed 
model  in  Section  2,  relate  this  new  model  to  isoboles  and  in¬ 
teraction  indices  in  Section  3,  state  how  to  make  inference  on 
drug  combinations  in  Section  4,  and  give  simulations  and  ex¬ 
amples  to  illustrate  how  the  new  approach  performs  in  Section 
5.  The  last  section  is  devoted  to  discussion. 

2.  Derivation  of  the  Generalized  Response 
Surface  Model 

Recall  the  Loewe  additivity  model  (Loewe  and  Muischnek, 
1926;  Berenbaum,  1989;  Greco  et  aL  1995) 


where  di,  di  are  doses  of  drug  1  and  drug  2  in  the  mixture 
eliciting  an  effect  y,  and  Dv\  and  are  the  respective  single- 
agent  doses  of  drug  1  and  drug  2  that  elicit  the  effect  y.  One 
can  obtain  the  predicted  additive  effect  based  an  the  Loewe 
additivity  model  providing  that  the  dose-effect  curves  for  each 
of  the  two  drugs  arc  known.  Suppose  that  the  dose^ffcct 
curves  are  Fi(Z>i)  for  drug  1  and  F\{Di)  for  drug  2,  then  the 
predicted  effect,  say  y,  can  be  obtained  by  solving  equation  (3) 
after  replacing  DVy i  by  Ff^y)  and  DVti  by  F^fy),  where  F’1 
is  the  inverse  function  of  F,(i  =  1,  2).  If  the  observed  effect 


at  (dj,  da)  is  more  than  or  less  than  the  predicted  effect,  the 
combination  dose  (d<,  d;)  is  correspondingly  synergistic  or 
antagonistic. 

Note  that  the  above  additive  equation  (3)  can  be  rewritten 
as 

d,+d^  =  D^.  (4) 

Denote  as  p(y),  which  is  the  relative  potency  of  drug  2 
versus  drug  I,  meaning  that  1  unit  of  drug  2  has  the  same 
effect  as  p(y)  units  of  drug  1.  Grabovsky  and  Tallarida  (2004) 
addressed  the  issue  that  the  relative  potency  may  vary.  The 
non  parallel  dose-effect  curves  introduced  by  Suhnd  (1998) 
can  also  be  interpreted  as  the  varying  relative  potency.  When 
the  relative  potency  varies,  finding  a  method  to  transform 
the  combination  dose  (ft,  da)  into  the  equivalent  doses  of 
drug  1  or  drug  2  requires  careful  investigation.  In  the  fol¬ 
lowing  derivation,  we  uphold  the  Loewe  additivity  model  re¬ 
gardless  of  the  shape  of  the  dose-effect  curve  associated  with 
each  single  drug.  We  expound  the  interpretation  of  the  vary¬ 
ing  relative  potency,  its  correct  usage,  and  the  relationship  of 
various  quantities  in  equation  (4)  in  the  Appendix,  From  the 
Appendix,  it  follows  that  the  additive  y- isobole  is  a  straight 
line  F5,  which  connects  P  —  (Dv  U  0)  and  Q  =  (0,  DViS) 
(Figure  1,  panel  A).  Each  drug  combination  [du  d?)  on  the 
y- isobole  shares  the  same  relative  potency  p(y),  and  its  equiv¬ 
alent  amount  dose  is  dA  +  p{y)d%  in  terms  of  drug  1,  or 
p(y)_1d3  +  dn  in  terms  of  drug  2,  On  the  other  hand,  the 
combination  doses  on  different  additi  ve  isoboles  may  have  dif¬ 
ferent  relative  potencies  as  shown  in  Figure  1 ,  panel  B, 

In  this  article,  we  construct  a  GRS  model  which  incor¬ 
porates  the  varying  relative  potency.  We  assume  that  the 
log(dose)-response  curves  are  linear.  Without  loss  of  gener¬ 
ality,  the  model  derivation  begins  with  the  assumptions  of 
a  constant  relative  potency  and  a  log(dose)-^effeci  curve  for 
drug  1: 

Yi  =  A  +  ftlogZV,  j  -  (5) 

Subsequently,  the  predicted  additive  effect  of  the  combination 
can  be  written  as  Y  —  +  ft  log(di  4-  pAa),  where  p  is  a 

constant  relative  potency  parameter.  In  order  to  capture  syn¬ 
ergy,  additivity,  or  antagonism,  Finney  (1971,  Section  11.5) 
suggested  a  model  of  the  form 

Y  =  ft  +  ft  log  (ft  +  pd*  4  x(ft  pft)l } .  (6) 

Here  the  additional  term  (ftpft)i  is  the  geometric  mean  of 
ft  and  pft,  and  k  is  the  synergy- antagonism  parameter  with 
k  =  0  corresponding  to  additivity,  k  >  0  to  synergy,  and  k.  < 
0  to  antagonism, 

Plummer  and  Short  (1990)  extended  model  (6)  to  a  case  in 
which  the  relative  potency  p  may  be  varying  while  keeping  the 
same  formulation  as  (6).  Let  us  assume  that  the  log(dose)- 
effect  curve  for  drug  2  is 

Y*=ao  +  ai\ogDna.  (7) 

The  question  is:  what  form  should  the  relative  potency  take 
under  the  iog(dose)-dJect  curves  (5)  for  drug  1  and  (7)  for 
drug  2?  Let  m  y2  s?  y,  we  have  So  +  A  log  DVii  =  + 

log  DVi3.  Then,  ft  log  5^  =  -  ft  +  (<*i  -  ft)  log  Dva> 
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Figure  1,  Relative  potency  and  equivalent  doses,  is  an  additive  isoboie,  P  =  (D^u  0),  Q  -  (0,  DVi2),  The  relative 
potency  of  drug  2  versus  drug  1  is  defined  as  p(y)  =  Under  additive  assumption  the  effect  at  (du  d2)  is  the  same  as  the 
effect  of  drug  1  alone  at  di  I-  p(y)d2 >  and  also  the  same  as  the  effect  of  drug  2  alone  at  p(y)'ldi  +  d2  (panel  A).  Panel  B 
shows  that  given  drug  2  at  dose  its  equivalent  drug  1  dose  may  change  when  different  amounts  of  drug  1  are  added.  Here 
V  =  P\{DV,])  -  F2(Dlfp)i  y'  -  Fj(dj}3  and  y,T  =  F2(d2).  The  equivalent  amount  of  drug  1  doses  of  <k  at  combination  doses 
(dit  d2),  d3),  and  (0,  d2)  are  p(y)da(=  length(^P)),  p(y^)d3{=  length (T7J))1  and  p(y^)d2(=length(^T))1  respectively. 


Thus,  the  relative  potency  can  be  written  as  p(y)  =  7^  — 
exP(aftj^11  j-  ai^~gi  logDv<3),  Introducing  two  parameters 
7j{=  2Sij^}  and  ts(“  write 

p(p)  -  exp(7]  4*  J2  log  DVi2),  (8) 

Here  is  the  amount  of  the  drugs  in  terms  of  drug  2,  that 
is,  DVi2  —  p(y)“1dj  +  da,  which  produces  the  same  effect  as 
the  combination  (dlT  dj)  under  the  additive  assumption.  Note 
that  given  one  of  the  two,  Z?Vi2  and  y  are  uniquely  determined, 
so  we  may  suppress  y  to  obtain  the  relative  potency  at  combi¬ 
nation  dose  (dj ,  da)  by  solving  p  =  exp (7*  +  73  log  D2)  subject 
to  .Da  ™  P~*di  +  dj* 

Plummer  and  Short’s  model  incorporates  the  varying  rela¬ 
tive  potency.  However,  the  model  is  inadequate  to  describe  the 
phenomena  when  synergy  and  antagonism  are  interspersed  in 
different  regions  of  the  drug  combinations.  To  overcome  this 
limitation,  we  propose  the  GRS  model  of  the  following  form, 

Y  =  Ai  4-  &  iog(d|  +  pd2  -i-  /(d:Td2- 7,K)(d1pd3)i)  (9) 

using  /(di,  d7;  7,  k)  to  capture  local  synergy,  local  additivity, 
or  local  antagonism.  In  this  article  we  take 

/(rfi.<fc7.w)  -  +  +*2(pd2}i  +Mi 

+  «tpdj  +  Kj(dipd2)i,  (10) 

where  /  is  a  function  of  dj  and  d*  with  parameters  y's  captur¬ 
ing  the  varying  relative  potency  p  as  described  above  and  «3s 
being  the  coefficients  of  the  quadratic  function. 

Our  main  considerations  for  using  the  term 
are;  (i)  the  marginal  dose-effect 
curves  are  easily  obtained  and  are  impacted  as  tittle  as 
possible  by  this  extra  term,  and  (ii)  the  function  /  can 
have  enough  flexibility  to  capture  the  departure  from  the 
predicted  additivity  effect,  +  /Jjlogfdi  4-  pd *}.  For  the 
first  consideration,  we  used  the  factor  {di/wf3)i,  and  for  the 


second  consideration,  we  adopted  the  complete  quadratic 

form  of  df  and  (pd2)J  for  /(dj,  d *;  7,  x).  Extensive  search 
and  simulations  show  that  the  proposed  model  parameteri¬ 
zation  is  reasonable  and  appropriate.  One  caveat  is  that  the 
current  parameterteation  may  contain  more  parameters  than 
necessary;  therefore,  model  selection  procedures  need  to  be 
developed. 

The  following  equations  demonstrate  how  the  GRS  model 
captures  different  patterns  of  drug  interaction:  for  each  fixed 
effect  level  y,  setting  da  =  0  in  (9),  we  obtain  DVk1  - 
exP(3t^1)l  setting  di  —  GP  we  obtain  Dv  2  —  p“1exp(JLj^i); 
and  the  combination  dose  (dj,  ^3)  satisfies  exp(  = 

d]  +  pds  +  /(dj ,  d3;  7,  (d-4  pd2 )  i .  Dividing  both  sides  by 

rearranging  the  equality,  the  interaction  in¬ 
dex,  ^  4*  could  be  written  as 

Interaction  index 

“Ksr) 

di+pd7 

From  (11),  the  polynomial  function  f(du  d2-  7,  x)  being 
greater  than,  equal  to,  or  less  than  0  corresponds  to  the  in¬ 
teraction  index  being  less  than,  equal  to,  or  greater  than  I, 
and  consequently,  this  combination  is  synergistic,  additive,  or 
antagonistic,  respectively, 


(11) 
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A:  Additivity 


B:  Synergy 


C:  Anta¬ 
gonism 


D:  Mixture 
with  constant 
ret.  potency 


E:  Mixture 
with  varying 
rel.  potency 


Al.  tsobota  A2  Polynomial  A3.  InttoficUon  Lndcj 


Figure  2.  Contour  plots  of  the  response  surfaces  (Le>,  isoboles),  contour  plots  of  the  polynomial  function  f(du  7,  *), 
and  contour  plots  of  the  interaction  indices  under  different  parameters.  For  all  panels,  0$  =  0,  0i  -  — 1  Fbr  panels  A,  B,  and 
C,  Kg  =  0,  lr  and  -0.5,  respectively,  while  7j  =  73  =  0,  =  0  for  i  =  I,  ..,,5.  Parameters  in  panel  D  are  the  same  as  in 

panel  A  except  =  0.5  and  k4  =  -0.5.  In  panel  E  we  set  7,  —  0.1,  72  -  -0.4,  Kq  -  0.9,  =  k*  =  -0.5,  and  k*  =  k*  = 

=  0* 


3.  Relating  the  GRS  Model  to  Isoboles 
and  Interaction  Indices 

Recall  that  an  isobole  consists  of  all  the  drug  combinations 
which  elicit  the  same  effect  y,  So,  each  curve  in  the  contour 
plot  of  the  response  surface  (9)  can  be  viewed  as  an  isobole*  To 
hotter  understand  the  proposed  CRS  model,  we  examine  the 
relationship  between  the  contour  plots  of  the  response  surface . 
the  polynomial  function,  and  the  interaction  index.  Chou  and 
Talalay’s  (1984)  median  effect  equation  (2)  is  used  to  model 
the  dose-effect  curve  for  each  single  drug.  We  begin  by  taking 
the  simplest  case  that  the  two  dose-effect  curves  are  the  same 
with  the  slope  being  -1  and  the  median  effective  dose  being 
1,  which  yields  0q  —  7*  =  71  =  0,  0%  ~  -I,  and  p  =  1-  In  this 
special  case  the  relative  potency  is  constant,  and  the  model 


conforms  to  equation  (6)*  This  model  can  be  represented  in 
the  GRS  model  (9)  by  taking  k,  =  0(t  —  1,.,.,5)  with  dif¬ 
ferent  values  of  *<?  in  f(du  dj;  7,  *).  In  Figure  2,  panels  A,  Bt 
arid  G  illustrate  the  cases  for  Kg  =*  0,  I T  —  0.5,  respectively.  In 
panel  A,  the  contour  plot  of  the  response  surface  shows  that 
the  isoboles  are  straight  lines  (subpanel  Al );  /  (di ,  d»\  7,  *} 
is  a  constant  at  0  (subpanel  A2);  and  the  interaction  index  is 
a  constant  at  1  (subpanel  A3).  AH  three  subpanels  indicate 
that  the  combination  doses  are  additive.  In  panel  R,  the  con¬ 
tour  plot  of  the  response  surface  shows  that  the  isoboles  are 
concave  down  (subpanel  Bl);  /(d* ,  cfe;  7,  k)  is  a  constant  at  1 
(subpanel  B2);  and  the  interaction  indices  are  less  than  1  (sub- 
panel  B3).  All  three  subpanels  indicate  that  the  combination 
doses  are  synergistic.  Similarly,  subpanel  Cl  shows  that  the 
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isoboles  are  concave  up,  subpanel  C2  shows  /(di*  d2\  7,  k}  - 
-0.5t  and  subpand  C3  shows  that  the  interaction  indices  are 
greater  than  1,  indicating  that  the  combination  doses  are  an¬ 
tagonistic.  These  special  cases  of  our  proposed  model  with 
tf-,  =  0  (t  =  1, . . . ,  5)  use  a  single  parameter  *q  to  capture  syn¬ 
ergy,  additivity,  or  antagonism  and  they  reduce  to  Finney’s 
model  and  Plummer  and  Short's  model.  Beyond  these  three 
special  cases,  the  proposed  model  can  be  used  more  broadly, 
in  particular  when  synergy  and  antagonism  appear  in  differ¬ 
ent  combination  doses.  We  construct  a  case  in  panel  D  by 
setting  ^  —  ^  —  *2  =  0,  =  0.5,  a,  -0.5,  and  ks  =  0, 

that  is,  /(di,  d3;  7,  *)  =  O-Sdi  -  0.5iN.  The  contour  plot  of  the 
response  surface  is  shown  in  subpanel  DL  The  contour  plot 
of  the  polynomial  function  forms  straight  lines  at  a  45&  angle 
(subpanel  D2),  The  diagonal  line  0.5dj  -  O.bd?  =*  0  separates 
the  space  into  two  parts.  In  the  area  below  this  45®  diagonal 
line,  the  polynomial  is  positive  and  the  interaction  index  is 
less  than  1  (subpanel  D3),  indicating  that  the  combination 
doses  in  this  area  arc  synergistic.  On  the  other  hand,  in  the 
area  above  this  45*  diagonal  line,  the  polynomial  is  negative 
and  the  interaction  index  is  greater  than  1 ,  indicating  that  the 
combination  doses  in  this  area  are  antagonistic.  Furthermore, 
to  show  the  varying  relative  potency,  we  set  7j  =  0.1,  73  — 
-0.4  with  *q  =  0.9,  “  -0.3,  and  *4  =  -0.3  (panel  E).  The 

isobole  with  effect  level  0.25  is  a  straight  line  (subpanel  El), 
the  corresponding  polynomial  is  a  constant  at  0  (subpanel 
E2)}  and  the  interaction  index  is  a  constant  at  1  (subpanel 
E3),  indicating  that  all  the  combination  doses  on  this  line  are 
additive.  The  isoboles  with  effect  levels  greater  than  0.25  are 
concave  down,  the  corresponding  polynomial  is  positive,  and 
the  inter  action  index  is  less  than  1 ,  indicating  that  the  com¬ 
bination  doses  in  these  regions  are  synergistic.  In  contrast, 
the  isoboles  with  effect  levels  less  than  0.25  are  concave  up, 
the  corresponding  polynomial  is  negative,  and  the  interaction 
index  is  greater  than  1 ,  indicating  that  the  combination  doses 
in  the  other  areas  are  antagonistic. 

4*  Statistical  Consideration  of  the  GRS  Model 
First  we  may  consider  whether  the  new  model  (9)- (ID)  pro¬ 
vides  a  significant  improvement  of  Plummer  and  Short's 
model  by  testing  Ho :  =  k2  —  =  tu  -  k*,  =  0  against 

Hi:**  #  0  for  any  j(i  =  lr,.,5)  using  the  F-statistics 
(Gallant,  1987): 

(RSSr  s-BSS M)/q 
RSW(n-p)  K~} 

with  ?  =  5  and  n  -  p  degrees  of  freedom.  Here  n  is  the  num¬ 
ber  of  observations  and  p  =  10  is  the  number  of  parameters 
in  model  (9)- (10).  RSS^j  is  the  residual  sum  of  squares  of 
our  GRS  model,  and  FLSSp_s  is  the  residual  sum  of  squares 
of  Plummer  and  Short’s  model.  Rejecting  H0  suggests  that 
Plummer  and  Short's  model  does  not  provide  adequate  fit  to 
the  data.  On  the  other  band,  failing  to  reject  suggests  that 
Plummer  and  Short’s  model  is  sufficient  and  there  is  no  need 
to  add  more  terms  to  the  model.  Note  that  the  F-test  requires 
that  the  responses  on  Y- scale  are  normally  distributed.  One 
should  check  the  normality  assumption,  for  example,  apply¬ 
ing  the  Q-Q  plot  to  the  residuals  to  examine  whether  the  as¬ 
sumption  is  reasonable.  If  not,  proper  transformation  should 
be  sought. 


The  true  model  may  include  only  a  few  terms  in  the  GRS 
model  (9)- (10).  To  avoid  overparametcrization,  we  remove  the 
unnecessary  terms  by  using  the  Akaike  information  criterion 
(AIG)  (Venables  and  Ripley,  2002)  and  a  backward  elimina¬ 
tion  procedure.  For  the  backward  elimination  procedure,  a 
constraint  is  added  that  no  lower-order  terms  can  be  removed 
until  after  the  corresponding  higher- order  terms  are  removed. 
Here,  AIC  =  -2x  maximized  log  likelihood  +  2p,  which  can 
be  written  as  AIC  =  n.log(RS$/n)  +  2p  +  C(n)  under  the 
normality  assumption  for  the  response  Y.  For  a  data  set,  the 
number  of  observations,  ti,  remains  constant.,  so,  comparing 
AIC  values  under  different  parameterization  is  the  same  as 
comparing  the  sum  of  the  first  two  terms,  which  is  referred 
to  as  AIC  later.  To  remove  the  unnecessary  terms,  wo  first 
fit  the  full  model,  calculate  AIC,  and  then  remove  the  pa¬ 
rameter  with  the  smallest  absolute  (-value  among  7,  /3,  and 
the  higher- order  terms  of  *’s  in  /  if  the  parameter  has  a  p* 
value  greater  than  the  level  of  significance  a,  say,  a  -  0.10 
(Hocking,  1976).  We  repeat  the  procedure,  refit  the  reduced 
model,  calculate  the  AIC  for  the  reduced  model,  and  check 
the  N values  until  either  all  the  remaining  parameters  among 
7,  0,  and  the  higher-order  terms  k’s  in  /  have  p- values  smaller 
than  a  or  when  the  AIC  value  increases. 

As  described  in  Section  3t  the  different  patterns  of  drug  in¬ 
teractions  could  be  detected  by  observing  the  sign  and  mag¬ 
nitude  of  the  polynomial  function  /(dJ(  da;  7,  *).  Because 
the  parameters  7  and  *  in  the  polynomial  are  estimated, 
their  asymptotic  properties  follow  the  standard  results  from  a 
nonlinear  regression.  For  each  combination  dose  (dJt  dj)p  the 
variance  of  the  estimated  polynomial  f(du  d2;  7,  *)  can  be 
approximated  by  Var,  =  whe« 


9/ 


j  =  (9j_  21  dj_  d!_  dj_  df_  a/  a/ V 

$(7,  *)  #7i  ’  "  dnt  1  dfy  *  d*3  ’  0*4  1  } 

with  §{  =  }*(*)!  +  K,d,  +  !«,(**)*.  &  = 

■ogte-Mi?-*)-  s 

is  the  estimated  covariance  matrix  of  the  parameters  (71,  7;, 
*o,  *ij  a3l  *4,  a5).  Thus,  we  may  construct  (1  -  or)  x 
100%  lower  and  upper  confidence  surfaces  for  f[du  dri  7,  *): 


f,^dudi)  =  f(d„di)^lq.n  ,^/Var, (*.*). 

where  is  the  upper  |  percentile  of  a  ^distribution  with 

n  -  p  degrees  of  freedom.  The  intercepts  of  the  lower  and  up¬ 
per  confidence  surfaces  of  /(dj,  cfo  7,  *}  with  the  dose  plane 
form  a  bound  which  embraces  the  curve  f  (du  da;  7,  x)  = 
0.  The  combination  doses  beyond  the  bound  with  positive 
polynomial  values  are  synergistic.  Conversely,  the  combina¬ 
tion  doses  beyond  the  other  side  of  the  bound  with  negative 
polynomial  values  are  antagonistic.  Inside  the  bound,  the  drug 
combinations  are  considered  additive  because  the  responses 
are  not  significantly  different  from  the  predicted  effect  based 
on  the  additive  model.  When  the  final  model  is  a  subset  of  the 
full  model,  a  similar  approach  can  be  used  to  construct  the 
confidence  bound  for  /(dj ,  d2t  7,  *)  ==  0  in  the  final  model. 
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Table  1 


Simulation  results  from  fitting  the  full  model  and  the  true  model  mth  o  =  0,1 


Parameters 

Set  1 

/(di.  dr,  7,  «)  =  0.5d, 

-  0.5d2 

Set  2 

f(dh  df,  7,  it)  =  0.9  -  0.3dj  -  0,3pd2 

True  value 

Full  model 

True  model 

True  value 

Full  model 

True  model 

Est* 

SE 

CR 

Est. 

SE 

CR 

Est, 

SE 

CR 

Est. 

SE 

CR 

&o 

0 

0.002 

0.044 

0.950 

0 

0.002 

0.043 

0,957 

01 

-I 

-0.999 

0,034 

0,951  - 

-].000 

0.020 

0.954 

-1.0 

-0.999 

0.033 

0.956 

-0.999 

0.031 

0.959 

0 

0.002 

0.062 

0.957 

0.1 

0.102 

0.062 

0,958 

0.100 

0.041 

0.953 

y 7 

0 

0.002 

0,046 

0.952 

-0,3 

-0.299 

0.040 

0.955 

-0.299 

0,038 

0.952 

*0 

0 

0.003 

0-324 

0,946 

0.9 

0.901 

0.553 

0,953 

0.900 

0.138 

0.949 

*1 

0 

-0.001 

0.478 

0.956 

0 

0.018 

0.577 

0.952 

*2 

0 

0.004 

0.499 

0.942 

0 

0 

0.S50 

0.948 

*3 

0.5 

0.515 

0.227 

0.946 

0.502 

0.049 

0.944 

-0.3 

-0.298 

0.195 

0.958 

-0.298 

0.047 

0.945 

-0.5 

-0.500 

0.188 

0.933  - 

-0.500 

0,022 

0,963 

-0.3 

—0.293 

0.366 

0.958 

-0.297 

0.063 

0.955 

0 

—0.013 

0.236 

0.953 

0 

-0.017 

0.312 

0.950 

Est.  =  parameter  estimate-  SE  =  standard  error;  OR  »  coverage  rate. 


In  medical  research  and  its  applications,  the  inferences 
should  be  made  considering  both  clinical  and  statistical  sig¬ 
nificance.  Although  the  above  inferences  on  synergy  and  an¬ 
tagonism  are  primarily  based  on  statistical  significance,  the 
importance  of  clinical  significance,  that  is,  the  magnitude  of 
drug  interaction  to  be  considered  clinically  meaningful,  should 
also  be  considered.  Chou  and  Hay  ball  (1996)  recommended 
that  the  synergy,  antagonism,  and  additivity  at  a  combina¬ 
tion  dose  should  be  made  based  on  whether  interaction  index 
at  this  combination  is  less  than  0.9,  greater  than  1.1,  or  in 
between.  Our  method  provides  a  more  rigorous  way  to  assess 
statistical  significance  and  also  provides  a  venue  for  gauging 
the  magnitude  of  clinical  significance, 

5*  Simulation  and  Data  Analysis 
5.1  Simulation 

We  performed  simulation  studies  to  examine  the  fmlte^sample 
properties  of  the  estimates  of  the  proposed  model.  Wc  took 
two  sets  of  parameters,  as  shown  in  Figure  2.  panel  D  (set  1) 
and  panel  E  (set  2).  The  corresponding  response  surface  mod¬ 
els  are 

Setl:y=  logi^ 

—  —log(cii  +  +  [0.5d]  —  0.5d2)  (dida)  ^  J  + 1 

and 

Set  2:  K=  log  -~ 

=  -logfdi  +  pd-i 

+  (0.9  —  0.3dj  -  0.3jodj)(ttip<ij)  1 )  +« 

with  p  —  exp(0,l  -  0,3  \0gD2),  where  t  —  Ar{0,  a1).  For  each 
model  we  generated  1000  random  samples  with  cr  -  0.1,  and 
d\  and  d2  taking  values  among  (0,  0.1,  0.5,  1,2,4).  The  sam¬ 
ple  size  in  each  simulation  run  was  6x6  =  36.  We  fitted  each 
random  sample  to  the  full  model  and  then  the  true  model 
(he.,  only  fitting  the  nonzero  parameters),  and  obtained  the 
estimated  parameters  and  their  corresponding  standard  errors 


(SE).  For  each  parameter,  we  constructed  the  95%  confidence 
interval  and  observed  whether  the  true  parameter  lies  in  the 
confidence  interval.  We  report  the  averages  of  the  estimated 
parameters,  SE,  and  the  coverage  rate  of  the  confidence  in¬ 
tervals  for  the  1000  random  samples  in  Table  1.  We  conclude 
that  (1)  the  parameters  are  very  well  estimated;  (2)  the  cov¬ 
erage  rates  axe  close  to  the  nominal  95%  coverage;  (3)  in  the 
full  model,  the  standard  errors  of  /?q,  $i,  yj,  and  7a  are  close 
to  half  of  cr(=0  J),  while  the  SE  of  ^(i  =  0,  * , . ,  5)  are  two-  to 
eightfold  of  o.  In  the  true  model,  the  standard  errors  for  0% 
7*h,  and  k*b  are  all  with  similar  magnitude,  ranging  from  0.020 
to  0.063  with  an  exception  of  in  set  2  (SE  =  0.136).  These 
facts  reflect  that  including  unnecessary  parameters  increases 
the  uncertainty  of  estimating  all  parameters,  especially  those 
in  the  quadratic  function  /.  Therefore,  it  is  important  to  de¬ 
velop  an  appropriate  procedure  to  remove  unnecessary  param¬ 
eters.  A  parsimonious  model  can  increase  the  accuracy  of  the 
estimated  parameters:  hence,  it  provides  a  better  estimator 
fox  the  dose-response  relationship. 

We  also  performed  simulated  case  studies  to  examine 
whether  the  estimation  and  the  backward  elimination  proce¬ 
dure  described  in  Section  4  can  recover  the  true  dose  response 
function,  that  is,  all  the  zero  parameters  are  removed,  the  95% 
confidence  bounds  for  /  =  0  have  proper  coverage  rates,  and 
the  contours  of  the  fitted  response  surfaces  are  similar  to  the 
underlying  response  surface.  These  simulations  showed  that 
the  estimation  and  the  backward  elimination  procedure  work 
well  (data  not  shown). 

5.2  Data  Analysis 

We  analyzed  data  sets  from  cell  lines  in  a  study  conducted 
by  Dr.  Reuben  Lot  an  and  his  colleagues  at  M.  D.  Anderson 
Cancer  Center.  The  study  aimed  to  evaluate  the  efficacy  of 
combination  therapy  with  two  novel  agents,  SCH66336  and 
4*HPR,  in  a  number  of  squamous  cell  carcinoma  cell  lines 
(unpublished  data) .  Cell  lines  of  human  squamous  cell  car¬ 
cinoma  were  treated  with  SCI 1 66336  and  4-HPR  separately 
and  in  combination.  After  6  hours,  the  proportions  of  surviv¬ 
ing  cells  were  calculated.  To  illustrate,  we  present  the  results 
for  the  cell  line  UMSCC22B,  after  treating  with  SCH66336  at 
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Table  2 

Fractions  of  cells  surviving  (UMSCC22B)  treated  by  single 
end  combination  doses  u/5CH66336  and  4-HPR 


SCH66336 
dose  (/jM) 

4-HPR  dose  (jiM) 

0 

0.1 

0.5 

1 

2 

0 

1 

04666 

0,5833 

0,5706 

0.4934 

04 

0.6701 

0.6539 

0.4767 

0.5171 

0.3923 

0.5 

0.6289 

0,6005 

0.4910 

0.4625 

0.3402 

1 

0,5577 

0.5102 

0.4541 

0.3551 

0.2851 

2 

0.455 

0.4203 

0.3441 

0.3082 

0.2341 

4 

0.3755 

0.3196 

0.2978 

0.2502 

0.1578 

doses  ranging  from  0  to  4  and  4-HPR  at  doses  ranging 
from  0  to  2  alone  and  in  combination!  respectively.  The 
corresponding  fractions  of  cells  surviving  at  each  combination 
dose  are  shown  in  Table  2, 

We  analyzed  these  data  sets  using  different  methods.  We 
calculated  the  interaction  indices  and  their  associated  confi¬ 
dence  intervals  at  the  combination  doses  at  the  fixed  ratio  1:1 
by  first  fitting  the  respective  dose-effect  curves  for  SCH6G336 
and  4-HPR.  We  concluded  that  the  combination  doses  (04, 
04)  and  (0,5,  0*5)  are  additive,  and  the  combination  doses  (1, 
1)  and  (2,  2)  are  synergistic.  The  contour  plot  of  the  raw  data 
is  shown  in  Figure  3,  panel  A.  Based  on  Plummer  and  Short’s 


model,  the  combinations  are  synergistic  (£  =  2  146  with 
SE  =  1402),  The  contour  plot,  interaction  indices,  and  resid¬ 
ual  plot  of  the  fitted  response  surface  of  Plummer  and  Short’s 
model  are  shown  in  Figure  3,  panels  Bl,  B2,  and  B3,  re¬ 
spectively.  The  contour  plot  in  panel  Bl  differs  from  the  raw- 
data  contour  plot  in  panel  A.  We  fitted  the  data  to  our  pro¬ 
posed  full  model,  and  found  that  the  contour  plot  of  the  fit¬ 
ted  response  surface  (panel  Cl)  is  more  similar  to  the  raw 
data  contour  plot.  The  contour  plot  of  the  polynomial  func¬ 
tion  /(di,  d?;  7,  >c)  b  shown  in  panel  C2,  where  the  dotted 
curve  is  the  upper  boundary  of  the  95%  confidence  bound  for 
/{di,  di\  7 *  *)  —  0,  and  the  lower  boundary  is  below  the 
illustrated  region.  The  combination  doses  above  the  dotted 
line  are  synergistic.  Panel  C3  shows  the  contour  plot  of  the 
interaction  indices,  and  panel  C4  shows  the  residual  plot  of 
the  full  model.  We  used  the  aforementioned  backward  elimi¬ 
nation  procedure  with  an  order  constraint  to  remove  7?,  *4. 
and  sequentially,  and  the  corresponding  A1C  values  were 
-106.28,  -106.39,  and  -106.72,  respectively.  The  backward 
elimination  procedure  stopped  when  AIC  Increased.  The  re¬ 
sults  of  the  final  model  are  shown  in  panels  D1-D4.  Panel  D2 
shows  that  the  combination  doses  above  the  confidence  bound 
are  synergistic,  inside  the  bound  are  additive,  and  below  the 
bound  are  antagonistic.  The  residual  plots  show  that  the 
full  model  (panel  C4)  and  the  final  model  (panel  D4)  pro- 
vide  better  fit  for  the  data  than  Plummer  and  Short’s  model 


A.  Raw  data 


Bl .  Isoboles  (P-S)  B2.  Inter.  Index 


B3.  Residuals 


Figure  3.  Results  for  cell  line  UMSCC22B:  panel  A  is  the  contour  plot  of  the  raw  data;  panels  B1-B3  show  the  results  from 
Plummer  and  Short’s  model;  panels  Cl^C4  show'  the  results  from  the  proposed  full  model;  panels  D1--D4  show  the  results 
from  the  final  model.  The  dotted  line  in  panel  C2  is  the  upper  boundary  of  the  95%  confidence  bound  for  }{dx ,  7,  *)  =  0, 

and  the  lower  boundary  is  out  of  the  dose  range.  The  two  dotted  lines  in  panel  D2  are  the  two  boundaries  of  a  95%  confidence 
bound  for  /(d*,  d2r  7,  k)  =  0, 
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Tkble  3 


The  estimated  parameters  and  their  standard  errors  of  different  models  for  the  data  set  shown  in  Table  2 


0o 

ffi 

7; 

7a 

*1 

*3 

*3 

*4 

*5 

RSE 

F-S 

Est. 

0.099 

-0.473 

-0.083 

0.120 

2.146 

0,227 

model 

SE 

0.093 

0.062 

0.292 

0.259 

L102 

Full 

Est. 

0.088 

-0.354 

-0.339 

0.148 

5,735 

-14.104 

-5.539 

7.114 

5.283 

7.021 

0.143 

model 

SE 

0.064 

0.046 

0.289 

0.242 

3.510 

6.668 

8.230 

3.743 

6.593 

5.446 

Final 

Est. 

-0.384 

-0.575 

3.220 

-12.368 

1.195 

5.492 

8.250 

0.143 

model 

SE 

0.035 

0.212 

2.268 

5.169 

3.672 

2.682 

5.126 

P-S  model  =  Plummer  and  Shon'u  model;  Est,  =  parameter  estimate;  SE  “  standard  error;  RSE  =  residual  standard  error. 


(panel  B3)>  The  results  from  the  final  model  are  consistent 
with  the  results  achieved  by  directly  calculating  the  interac¬ 
tion  indices  and  their  associated  confidence  intervals. 

In  this  example,  RSSp_s  =  1.238,  RSS^  =  0.390,  and 
n  =  29  (the  model  automatically  assumed  the  fraction 
of  cell  survival  being  1  at  the  combination  dose  d:  = 
d2  —  0  and  this  observation  did  not  participate  in  the 
calculation).  The  Q-Q  plots  (not  shown)  indicated  that 
the  normality  holds  for  the  responses  on  F-scale,  there¬ 
fore  the  F-test  can  be  carried  out.  The  F-statistic  was 
8.25G  with  degrees  of  freedom  (5,  19),  corresponding  to 
p  <  0.003.  Hence,  we  rejected  Ho  at  a  -  0.05,  that  is,  the 
new  model  (9)- (10)  provides  a  significant  improvement  of 
Plummer  and  Short’s  model.  The  estimated  parameters  and 
their  standard  errors  for  Plummer  and  Short's  model,  the  full 
model,  and  the  final  model  are  listed  in  Table  3.  The  resid¬ 
ual  standard  error  (RSE),  which  is  an  estimate  of  er,  is  shown 
in  the  last  column  in  Table  3  for  each  model.  Figure  3  and 
Table  3  indicate  that  the  final  model  fits  the  data  as  well  as 
the  full  model,  and  the  precisions  on  parameter  estimation  in 
the  final  model  were  improved  over  the  full  model.  We  con¬ 
clude  that  the  proposed  model  and  procedure  work  well  for 
this  data  set. 

6.  Discussion  and  Further  Extension 
One  important  contribution  of  this  article  is  that  the  proposed 
model  can  incorporate  varying  relative  potency  Although 
varying  relative  potency  has  been  investigated  by  Tallarida 
(2000)  and  Graboveky  and  Tallarida  (2004),  their  interpre¬ 
tations  resulted  in  inconsistent  predicted  additive  effects  for 
combination  doses  (Jcnker  el  al,  2005),  In  the  Appendix,  we 
expound  a  method  to  correctly  incorporate  varying  relative 
potency  to  predict  the  additive  effect  based  on  ibe  Loewe  ad¬ 
ditivity  model.  Using  the  proposed  varying  relative  potency 
formulation,  one  can  extend  the  additive  response  surface  for 
k  ( k  >  2)  drug  combinations  as  follows; 

y  =  A>  +  ft  logfdi  +  p^d%  +  ■  *  -  pjtdfc),  (13) 

where  =  expjfa<0  +  7*ilog£>])  (*  -  2,  —  A:)  is  the  rela¬ 
tive  potency  of  drug  i  versus  drug  1,  and  Di  is  the  amount 
of  drug  1  having  an  equivalent  effect  to  that  of  the  combi¬ 
nation  djt)  under  the  additive  assumption.  Dj  can  be 

obtained  by  solving  the  following  equation; 

d i  -r  p*d%  +  ■  ■  ■  +  =  D\ . 


Here  7^  and  ja  are  uniquely  determined  by  the  iwo  dose 
effect  curves  for  drug  1  and  drug  t  (1  =  2, . , . ,  k).  The  additive 
response  surface  model  constructed  this  way  is  consistent  with 
the  Loewe  additivity  model. 

In  this  article,  we  assume  that  the  effect  or  transformed  ef¬ 
fect  has  a  linear  relationship  with  log  d.  Although  a  broad  class 
of  dose— effect  models  satisfies  this  assumption,  there  are  still 
some  exceptions.  One  important  exception  is  that  the  logit 
transform  of  the  effect  has  a  linear  relationship  with  the  dose, 
say  log  —  aa  +  aid.  In  that  case,  the  relative  potency  for 
the  two  drugs  is  constant,  and  the  additive  response  for  the 
two  drugs  can  be  predicted  by  log  ^  =  Oq  -f*  a%d\  +  md* 
(Carter  et  al.,  1988).  One  can  still  use  a  quadratic  function  of 
dj  and  dg  to  detect  different  patterns  of  drug  interactions  by 
adding  the  product  of  the  quadratic  function  and  (djdj)i  to 
the  above  model. 

Suhnel  (1990)  used  bivariate  splines  to  fit  dose-response 
data-  The  determination  of  drug  interaction  was  based  on 
the  visualization  of  whether  the  contours  of  the  response  sur¬ 
face  (i.e.,  isoboles)  were  concave  up  or  concave  down.  The 
approach  did  not  give  any  summary  measure  on  drug  inter¬ 
action.  Kelly  and  Rice  (1 990)  used  a  monotone  spline- based 
procedure  to  fit  marginal  dose-response  curves  first,  then  pre¬ 
dicted  the  additive  effect  of  the  combination  dose  based  on  the 
Loewe  additivity  model.  Extrapolation  beyond  the  observed 
dose  range  is  dangerous  in  this  spline^based  approach  and, 
therefore,  this  approach  has  limited  usage.  Tan  et  al  (2003) 
proposed  an  optimal  experimental  design  in  the  sense  that  it 
reduces  the  variability  in  modeling  synergy  while  allocating 
the  doses  to  minimize  the  sample  size  and  to  extract  maxi¬ 
mum  information  on  the  joint  action  of  the  compounds.  The 
method  uses  a  nonpar ametric  function  to  detect  drug  inter¬ 
actions.  Semi  parametric  approaches,  as  the  format  (9)  or  the 
format  given  by  Tan  ct  al.  (2003),  which  combine  parametric 
marginal  dose^r  espouse  curves  with  a  non  parametric  function 
to  detect  different  patterns  of  drug  interaction,  provide  logical 
extension  to  the  current  model  and  are  appropriate  topics  for 
future  research. 
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Appendix 

Varying  Relative  Potency  and  Its  Application 
Figure  1,  pane]  A  shows  that  for  each  fixed  effect  y,  as  long  as 
the  dose-effect  curves  for  each  drug  are  known,  DVt ]  and  D„t3 
will  be  known  and  fixed,  thus  the  relative  potency  defined  by 
is  fixed.  Any  combination  dose  (d3l  d2)  on  the  line 
connecting  P{=[DVtU  0))  and  Q(=(0,  Dv*))  has  the  same 
relative  potency,  and  units  of  drug  2  is  equivalent  to  p{y)&„ 
units  of  drug  1 .  Therefore  the  combination  dose  (d3 ,  d2)  is 
equivalent  to  dx  +  p[y)(h  units  of  drug  1,  which  is  exactly 
I?*,:,  and  the  predicted  effect  is  >\(dt  +  p(y)<fe),  which  is 
Fi(D^).  Similarly,  for  any  combination  dose  (di,  d3)  on  the 
line  PQ,dy  units  of  drug  1  is  equivalent  to  p(y)‘ldi  units  of 
drug  2,  thus  the  combination  dose  (d*,  d*)  is  equivalent  to 
P(y)-1di  +  d3  units  of  drug  2,  which  is  Dv«.  Consequently, 
the  predicted  effect  is  F2(p^ (yR  +  d3),  that  is,  F2[DVr2). 
Hence,  the  predicted  effect  either  by  F^dj  +  p(y)d3)  or  by 
^aWv)"1^  +  ds)  is  the  same. 

We  then  pay  special  attention  to  the  fact  that,  for  a  given 
dose  dj  of  drug  2,  its  equivalent  amount  of  drug  1  may  be 
different  depending  on  the  existing  amount  of  drug  1  due 
to  a  varying  relative  potency  For  example,  suppose  from 
the  two  marginal  dose-effect  curves  we  leam  that  the  ef¬ 
fects  of  drug  1  at  doses  DyiU  d1;  and  D^iX  are  the  same 
as  the  effects  of  drug  2  at  doses  2>Vi3,  D and  d?,  respec¬ 
tively.  When  two  drugs  are  used,  the  three  corresponding  ad¬ 
ditive  isoboles  (Figure  1,  panel  B)  are  connecting  P  - 
(£?v+1,  0)  and  Q-  (0 ,Z>Vi3),pg  connecting  R  =  (dt,  0)  and 
$  =  (0,  ZV.s),  and  TU  connecting  T  =  0)  and  U  = 

(0,  cJj).  All  the  combinations  on  PQ  share  the  relative  po¬ 
tency  p(y),  all  the  combinations  on  PS  share  the  relative  po¬ 
tency  p{y'),  and  all  the  combinations  on  TU  share  the  rela¬ 
tive  potency  p(yw).  Thus,  in  terms  of  drug  1  the  equivalent 
dose  of  tfe  in  the  combinations  (dj,  d*),  (dl*  d3)(  and  (0f  d>) 
will  be  p(y )d3,  p{y')d2,  and  p(yw)d3,  which  can  be  illustrated 
by  the  length  of  RP,  VP,  and  OT}  respectively.  Here  y  — 
Fi(DVtl)  =  F2(DV'2),  yT  =  F^/h)t  and  y»  =  F2 (<fc). 
Grabovsky  and  Tail  arid  a  (2004)  proposed  a  model  to 
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incorporate  the  varying  relative  potency,  but  they  inter¬ 
pret  the  relative  potency  as  p(yfl)  at  all  three  combinations, 
namely,  (dlt  cfc),  (dit  d2),  and  (0,  <k).  Consequently,  the  equiv¬ 
alent  amount  of  drug  1  will  be  the  dose  of  drug  1  plus  p(yw)d? 
no  matter  the  dose  of  drug  1.  Their  interpretation  may  result 
in  two  inconsistent  additive  effects,  say  Fj  (dj  +  p(y")d2)  and 


Fa(p(y')~lf*i  +  dj)  (Jonker  et  al.T  2005),  and  curved  additive 
isoboles  (Grabovsky  and  Tallarida,  2004).  Therefore,  their  ap¬ 
proach  is  questionable.  On  the  other  hand,  when  combinations 
of  two  drugs  are  additive  with  varying  relative  potency,  our 
formulation  show's  straight  line  isoboles,  which  are  consistent 
with  the  Log  we  additivity  model. 
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Abstract 

The  cyclooxygenase -2  (COX-2)  inhibitor  celecoxib  is  an 
approved  drug  in  the  clinic  for  colon  cancer  chemoprevention 
and  has  been  tested  for  its  chemopreventive  and  therapeutic 
efficacy  in  various  clinical  trials.  Celecoxib  induces  apoptosis 
in  a  variety'  of  human  cancer  cells  including  lung  cancer  cells. 
Our  previous  work  has  shown  that  celecoxib  induces  death 
receptor  5  expression,  resulting  in  induction  of  apoptosis  and 
enhancement  of  tumor  necrosis  factor- related  apoptosis  - 
inducing  ligand  (TRAILj-induced  apoptosis  in  human  lung 
cancer  cells.  In  the  current  study,  we  further  show  that 
celecoxib  down-regulated  the  expression  of  cellular  FL1CE- 
inhibilory  protein  (c-FLIP)P  a  major  negative  regulator  of 
the  death  receptor- mediated  extrinsic  apoptotk  pathway, 
through  a  ubiquitin /pro teasom e-dependent  mechanism  in¬ 
dependent  of  COX-2  In  human  lung  cancer  cells.  Over- 
expression  of  e-FLIP,  particularly  FUPL,  inhibited  not  only 
nekeo  rib- induced  apoptosis  but  also  apoptosis  induced  by 
the  combination  of  celecoxib  and  TRAIL.  These  results  thus 
indicate  that  c-FUP  down -regulation  also  contributes  to 
celecoxib-induced  apoptosis  and  enhancement  of  TRAJL- 
induced  apoptosis,  which  complements  our  previous  finding 
that  the  extrinsic  apoptotk  pathway  plays  a  critical  role  in 
celecoxib-induced  apoptosis  in  human  lung  cancer  cells. 
Collectively,  we  conclude  that  celecoxib  induces  apoptosis  in 
human  lung  cancer  cells  through  activation  of  the  extrinsic 
apoptotk  pathway,  primarily  by  induction  of  death  receptor  5 
and  down-regulation  of  cFLIP.  (Cancer  Res  2006;  66(23):  11115-9) 

Introduction 

Celecoxib,  a  marketed  anti-infiaunmatory  and  anti-pain  drug, 
is  being  tested  in  clinical  trials  for  Its  chemopreventive  and 
therapeutic  effects  against  a  broad  spectrum  of  epithelial 
malignancies,  In  eluding  lung  cancers,  either  as  a  single  agent  or 
in  combination  with  other  agents.  The  antitumor  activity  of 
celecoxib  is  thought  to  be  associated  with  its  ability  to  Induce 
apoptosis  in  a  variety  of  cancer  cells  (1),  The  molecular  mechanism 
underlying  celecoxib" mediated  apoptosis  remains  largely  un char¬ 
acterised,  although  it  seems  to  be  associated  with  inactivation 
of  Akfi  induction  of  endoplasmic  reticulum  stress  involving  up- 
regulation  of  CCAAT/enhancer-btnding  protein-homologous  protein 
(CHOP  )/G  ADD  153  and  increase  in  Ce1""  levels,  or  down-regulation 


Nolt;  Supplementary  data  for  thi*  article  art  available  ai  Center  Research  Online 
(http:  /  /  can  OttTffMCXfoUHUdl  jjrg; 
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of  the  antiapoptotic  protein  survivin  (2).  There  are  two  major 
apoptotk  pathways:  the  extrinsic  death  receptor- mediated  path¬ 
way  and  the  intrinsic  mitochondria- mediated  pathway,  with 
truncated  Bid  protein  accounting  for  the  cross-talk  between  the 
two  pathways  (3).  Our  previous  results  have  shown  that  celecoxib 
induces  apoptosis  in  non-small-cell  lung  cancer  cell  lines  primarily 
through  the  activation  of  the  extrinsic  death  receptor  pathway  (4). 

The  cellular  FLJCErinhibitory  protein  (c-FUP)  plays  a  key  role 
in  negatively  regulating  the  extrinsic  apoptotk  pathway  through 
inhibition  of  caspase-8  activation  (5),  c-FUP  has  multiple  splice 
variants,  and  two  main  forms  have  been  well  characterized;  c-FUP 
short  form  (c-FLIPs)  and  long  form  (c-FLIPj;  ref.  5).  It  has  been  well 
documented  that  elevated  c-FLIP  expression  protects  cells  from 
death  receptor -mediated  apoptosis,  whereas  down- regulation  of 
c-FLIP  by  chemicals  or  small  interfering  RNA  (siRNA)  sensitizes 
cells  to  death  receptor-mediated  apoptosis  (5).  Moreover,  over¬ 
expression  of  c-FUP  also  protects  cells  from  apoptosis  induced  by 
cancer  therapeutic  agents  sueh  as  etoposide  and  tisplatin  (6-g).  In 
the  present  study  we  show  for  the  first  time  that  celecoxib,  in 
addition  to  up-regulating  death  receptor  5.  down- regulates  oFLIP 
expression,  which  contributes  to  celecoxib-induced  apoptosis  in 
non -small- cell  lung  cancer  cells.  This  further  confirms  and 
expands  our  previous  finding  that  celecoxib  induces  apoptosis  in 
non -small -cell  lung  cancer  cell  lines  primarily  through  the 
activation  of  the  extrinsic  death  receptor  pathway  (4). 

Materials  and  Methods 

Reage ots.  Celecoxib.  other  nonsteroidal  anti-inflammatory  drugs,  and 
antibodies  against  campuses  were  the  same  as  previously  described  (4),  2S- 
Dimethykriecoxib  was  synthesized  as  previously  described  (9),  Human 
recombinant  tumor  necrosis  factor- related  apoptosis -inducing  hg&nd 
(TRAIL J  was  purchased  from  PepreTech,  Inc.  (Rocky  Hill,  NJ),  Mouse 
monoclonal  anri-FUP  antibody  (NF6)  was  purchased  from  Alexis  Bio- 
chemicals  (San  Diego,  CA\  MG  132  and  SP600123  were  purchased  from 
Sigma  Chemicals  (Sl  Louis.  MO}  and  Riomol  (Plymouth  Meeting,  PA), 
respectively. 

Cell  lines  and  cell  culture.  The  human  non- small -cel)  lung  cancer  cell 
lines  used  in  tins  study  were  purchased  from  the  American  Type  Culture 
Collection  (Manassas,  VA)  and  cultured  as  previously  described  (4),  H157-V 
and  H157-A5  cell  lines,  in  which  retroviral  vector  and  antisense  cydo- 
oxygenase-2  (COX-2)  were  stably  transfected,  respectively  (10),  were  kindly 
provided,  by  Dr.  S^L  Duhinett 

Western  blot  analysis.  Preparation  of  whole-ceU  protein  lysates  and  the 
procedures  for  the  Western  blotting  were  previously  described  (4). 

Inmmnoprecipitafion.  A549-FUPL-2  cells,  which  stably  express  FLIPU 
were  transfected  with  hem  agglutinin -ubiquitin  plasmid  using  FuGENE  6 
transfection  reagent  (Roche  Diagnostics  Co rp,  Indianapolis,  IN)  following 
the  manufacturer's  instruction.  After  24  hours,  the  cells  were  treated  with 
celecoxib  or  MG232  plus  celecoxib  for  4  hours  and  then  were  lysed  for 
immunopredpitarion  of  Flag-FUPL  with  Flag  M2  monoclonal  antibody 
(Sigma  Chemicals)  as  previously  described  (II).  followed  by  the  detection  of 
ubiquitinated  FLUY  by  Western  blotting  with  antihem  agglutinin  antibody 
(Abgent,  San  Diego,  CA). 
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Silencing  of  COX-2  expression  with  siRNA.  Stealth  COX-2  siRNA  timt 
targets  the  sequence  S' -GCAGGCAGATGAAATACCACTTCTTT-3'  and  Stealth 
control  siRNA  (12)  were  synthesized  by  Invitrogen  (Carisbad.  CA),  The 
transfection  of  siRNA  was  conducted  as  previously  described  (12). 

Generation  of  tenti viral  e-FIIP  expression  constructs  and  estab¬ 
lish  men  t  of  stable  lines  that  overexpress  c-FLIP.  c-FUP L  and  c-FLIP^ 
coding  regions  were  amplified  by  PCR  using  plasmids  containing  full-length 
cDNAs  of  FLIP}  and  FUP$  respectively*  which  were  provided  by  Dr.  J. 
Tschopp.  Hie  amplified  fragments  were  then  ligated  into  the  pT-easy  vector 
(ProitiLga,  Madison,  Wf)  following  the  manufacturers  protocol  as  pT- 
easy-FLIPL  and  pT-easy-FLIPs,  respectively,  usiiig  the  following  primers: 
Flip,  sense,  5-GACTAGTGCCGCCACCATGG  ATTACAAAGACGAT GACG  -3'; 
FLIPl  antisense,  a  - CGGG CCCTTATGT GTAGG  AGAGGATAAGTTTC - 3': 
FLIP*  sense,  S' -GACTAG TGC C G CC ACCATGT CTGCTGAAG TC ATCCAT- 
CAGG-3';  and  FLIPS  antisense.  5'-CGGGCCCTC  ACAT GG AACAATTT C - 
CAAG-3'.  Roth  pLenti-DcRl  (a  lenthiml  vector  harboring  the  DdU  gene, 
which  was  constructed  using  the  pLenti6/V5  Directional  TOPO  Cloning 
kit  purchased  from  Invitrogen)  and  pT-easy-FUPL  or  pT*casy-FUP5  were  cut 
with  Spr I  and  Apal  restriction  enzymes.  The  released  fragment  containing 
C'FUPi  or  c  FUPs  gene  was  then  ckmed  into  the  digested  pLenti6A'5  vector 
and  the  resultant  constructs  were  named  pLenti-Flag-FLTPL  and  pLenti- 
FLIPs.  respectively.  In  this  study,  we  used  pl^nti-UcZ  as  a  vector  control, 
which  was  Included  in  the  plenti6/V5  Directional  TOPO  Cloning  Jdt 

Lentiviral  production  and  titer  determination  were  previously  described 
(12).  For  infection,  the  viruses  were  added  to  the  cells  at  a  multiplicity  of 
infection  of  10  with  10  ug/mL  polybrene.  For  transien  t  expression,  cells  were 
infected  and  then  subjected  to  initial  selection  with  SO  jig/mL  blastiddin 
beginning  at  24  hours  after  infection.  Five  days  later,  the  cells  were  used  for 
the  given  experiments.  For  stable  expression,  cell  clones  were  picked  after  a 
2’ week  selection  with  50  pg/ml  blastiddin  postinfection  and  screened  for 
FLIP  expression  by  Western  blotting  with  c-FI.1T  antibody.  The  clones  with 
the  highest  levels  of  FLIP  expression  were  used  in  the  experiment 

Detection  of  apoptosis.  Apoptosis  was  evaluated  by  Ann&xm  V  staining 
using  Annexin  V-FE  apoptosis  detection  kit  purchased  from  BD  Biosciences 
(San  Jose,  CA)  following  the  manufacturers  instructions.  We  also  detected 
rasp  as*  activation  by  Western  blotting  (as  described  above)  as  an  additional 
indicator  of  apoptosis. 

Results  and  Discussion 

Because  c-FLLP  levels  are  modulated  by  many  cancer  therapeutic 
agents,  we  were  interested  in  determining  whether  celeeoxib  altered 


c-FLLP  expression  levels.  Thus,  we  treated  several  non -small-cell 
lung  cancer  cell  lines  with  increasing  concentrations  of  celeeoxib 
and  then  assessed  c-FLIP  levels.  As  presented  in  Fig.  14,  the 
expression  levels  of  both  FJJPL  and  FLIPs  *n  these  cell  hues  were 
reduced  by  celeeojob  in  a  concentration-dependent  manner  after  a 
16-hour  incubation.  We  noted  that  FLIPs  levels  were  decreased  after 
treatment  with  10  pmol/L  celeeoxib,  whereas  FUPL  levels  were 
reduced  by  relatively  high  concentrations  of  celeeoxib  (eg., 
^25  pmol/L),  suggesting  that  FL1PS  is  somewhat  more  sensitive 
to  modulation  by  celeeoxib  than  FLIPl-  The  down- regulation  of 
both  FLIPl  and  FUPS  occurred  as  early  as  3  hours  and  was 
sustained  up  to  48  hours  after  celeeoxib  treatment  (Fig.  Iff),  We 
noted  that  the  reduction  of  c-FLIP,  particularly  FLIPl*  at  the  late 
time  points  (eg..  24  and  48  hours)  was  not  as  strong  as  that  at  the 
early  time  points  (eg^  3  and  6  hours).  Nevertheless,  these  results 
clearly  indicate  that  celeeoxib  down -regulates  c-FLIP  expression  in 
human  non- small- cel  I  lung  cancer  cells*  which  represents  an  early 
event  during  celccoxib-induced  apoptosis.  We  next  determined 
whether  other  nonsteroidal  anti-inflammatory  drugs,  including 
5C58125,  NS-39S,  sulindac  sulfide,  and  Dupfiy?.  down- regulated 
c-FLEP  expression.  As  presented  in  Fig.  1C,  these  agents,  particularly 
at  75  pmol/L,  decreased  the  levels  of  both  FLLPl  and  FLIPs* 
albeit  with  weaker  activity  than  celeeoxib,  which,  at  50  pmol/L 
effectively  reduced  c-FLIP  levels.  Thus*  we  conclude  that  other 
COX-2  inhibitors  down -regulate  c-FUP  expression  as  welL 
c-FLIP  is  known  to  be  regulated  by  a  ubiquitin-proteasome 
mechanism  (L3,  14),  and  certain  cancer  therapeutic  agents 
stimulate  down- regulation  of  c-FLIP  expression  through  this 
mechanism  (13),  To  determine  whether  celeeoxib  induces  pro  tea- 
some-mediated  c-FLIP  degradation,  we  examined  the  effects  of 
cdeccudb  on  c-FLIP  expression  in  the  absence  and  presence  of  the 
proteasome  inhibitor  MG132  in  A549  cells.  As  shown  in  Fig  2A, 
MG132  at  concentrations  of  >10  pmoLL  abrogated  the  ability  of 
celeeoxib  to  reduce  both  FLIPl  and  FLTPs,  suggesting  that  celeeoxib 
down -regulates  c-FLIP  through  proteasome- mediated  protein 
degradation.  We  also  noted  that  MG  132  alone  did  not  increase 
the  levels  of  FLDPl  but  strikingly  increased  the  levels  of  FLIPs. 
suggesting  that  FLIP*;  is  more  prone  to  proteasome -mediated 


Figure  1.  Down-regulation  of  c-FUP 
expression  by  cetecoxip  (A  and  B)  and 
ottw  nonsteroidal  artlHnflammatory  drugs 
(O  in  human  non-smalFce#  lung  cancer 
cells.  A,  i he  indicated  cell  lines  were 
treated  with  the  given  concentration*  of 
celeeoxib  (CCS)  for  16  hours,  0,  Hi 57 
cells  were  treated  with  50  w/tidA.  celeeoxib 
for  the  indicated  times,  C,  Hi  57  cells  were 
treated  with  the  grvtm  concentrations  oJ  the 
indicated  nonsteroidal  anti-inflammatory 
drugs  for  ?  hours.  Whole-cell  proiem 
lysates  were  prepared  from  the 
afore mentioned  traatmants  for  delection 
of  tha  given  proteins  using  Western 
blot  analysis,  with  art  in  serving  as  a 
loading  control. 
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Fi^urt  2,  Cetecoxlb  down-regulales 
c-FLIP  through  ubk^dA/prMcasorrw^ 
mediated  protein  degradation  {A  and  B) 
independent  of  COX- 2  (C  and  £>),  A  A649 
ceHs  were  pfeirealed  with  the  indicated 
ponceni  rations  ol  MGi32  for  30  minute* 
and  then  cottaated  with  50  iimoVL 
ceiecoKid  (CC8)  tor  another  4  hours. 

B,  A549-rl_IPL-2  cells  were  transited 
with  hemaoglutinin-ubiqiirtin  plasmid 
using  FuGENE  6  translation  reagent  tor 
24  hours.  The  cels  were  then  pretreated 
with  20  pmol/L  MG1 32  tor  30  minutes 
and  then  cot  reared  with  50  *imoW_  oelecoxto 
lor  4  hours,  C ,  H157-V  (vector-control)  and 
H157-AS  (antisense  COX-2)  paired 
cell  lines  were  treated  with  ihe  grven 
Cones  nlrations  of  ceiecoxib  for  16  hours. 

D.  A549  celts  were  transfected  with  control 
(Ctrl)  or  COX-2  siflNA  lor  43  hours 
and  then  treated  wiih  50  jimol'L 
ceiecoxib  for  16  hours.  Whole-cel  protein 
lysates  were  then  prepared  Irom  the 
aforementioned  treatments  for  detection  oJ 
the  given  proteins  by  Western  bkrt  analysis 
{A  C,  and  D)f  with  actin  serving  as  me 
loading  control,  or  immunopreespitation  (/P) 
with  anti  hemagglutinin  antibody  followed  by 
Western  blotting  (WB)  for  detect) on  of 
ubiquitinated  FLIPl  (Ub-FUPL;  B). 

degradation,  which  is  consistent  to  the  recent  findings  by 
Poukkula  et  al  (14)*  Moreover,  we  examined  the  effects  of 
ceiecoxib  on  overall  proteasome  activity  and  c-FLIP  ubiquitina- 
tion.  Ceiecoxib  did  not  increase  proteasome  Activity  (data  not 
shown).  However,  it  increased  the  levels  of  ubiquitinated  c-FLIP, 
particularly  in  the  presence  of  MG132  (Fig,  25}*  indicating  that 
ceiecoxib  increases  c-FLIP  nbiquitmation.  Collectively*  we  suggest 
that  ceiecoxib  down  regulates  c-FLIP  levels  through  a  ubiquitin- 
proteasome  mechanism* 

A  recent  study  has  shown  that  c-jun  NHr  terminal  kinase  (JNK) 
activation  modulates  FLIPl  degradation  (15).  We  then  determined 
whether  ceiecoxib  down-regulates  c-FLIP  through  a  JNK- dependent 
mechanism,  Ceiecoxib  indeed  in  creased  the  levels  of  phosphoiy- 
lated  c-Jun  (p-c-Jun)*  an  indicator  of  JNK  activation*  and  decreased 
the  levels  of  both  FUPL  and  FLIP*  The  JNK  inhibitor  SP600125  at 
concentrations  up  to  30  pinol/L  abrogated  celecoxib-induced  c-jun 
phosphorylation*  but  failed  to  block  down -regulation  of  either 
FLJPl  or  FUPS  by  ceiecoxib  {Supplementary  Fig.  51),  Considering 
these  findings  and  the  fact  that  JNK  does  not  modulate  FLIPS 
turnover  (15)  whereas  ceiecoxib  down -regulates  the  levels  of  both 
FLIPl  FTJPS  (Fig.  1),  we  conclude  that  ceiecoxib  induces  a 
JNK-independent  degradation  of  c-FUP. 

It  is  well  known  that  ceiecoxib  is  a  specific  COX-2  inhibitor. 
However*  many  studies  show  that  ceiecoxib  induces  apoptosis 
independent  of  COX-2  inhibitory  activity  (2),  To  determine  whether 
ceiecoxib  decreases  c-FLIP  levels  through  its  COX-2  inhibitory 
activity*  we  compared  the  modulatory  effects  of  ceiecoxib  on 
c-FLIP  between  HI 57  cells  stably  transfected  with  a  retroviral 
vector  harboring  antisense  COX-2  (HI 57- AS)  and  vector  control 
cells  (H157-V).  As  shown  in  Fig.  2C*  the  basal  levels  of  COX-2  in 
H 157  cell  were  reduced  compared  with  H157-V  cells.  Interestingly 
we  found  that  ceiecoxib,  albeit  a  COX-2  inhibitor,  actually  increased 
COX-2  protein  levels  in  a  concentred  on -dependent  manner  in 
HI57-V  cells;  this  effect  was  abolished  in  II 157 -AS  cells.  Together, 
these  results  validate  the  cell  system  in  which  COX-2  expression  is 
inhibited  due  to  the  expression  of  antisense  COX-2  In  both  cell 
lines*  ceiecoxib  still  effectively  reduced  levels  of  FUPtr  and  FLIP^, 


indicating  that  ceiecoxib  modulates  c-FLIP  levels  regardless  of  the 
presence  of  COX-2  Some  nonsteroidal  anti-inflammatory  drugs 
were  reported  to  induce  COX-2  expression  (16,  17).  However*  the 
inducing  effect  of  ceiecoxib  on  COX-2  expression  has  not  been 
reported.  Currently,  it  is  unclear  what  the  implications  of  COX-2 
induction  are  in  celecoxib-mediated  anticancer  activity. 

Moreover*  we  used  siRNA  to  knockdown  COX-2  expression  in 
A$49  cells  and  then  examined  its  effect  on  celecoxib-induced 
c-FLIP  down-regulation.  Transfection  of  COX-2  siRNA  inhibited  not 
only  the  basal  levels  of  COX-2  but  also  celecoxib-mediated  COX-2 
induction*  However,  it  did  not  alter  the  effect  of  ceiecoxib  on 
reduction  of  c-FLIP  (Fig  2D),  furthering  the  notion  that  ceiecoxib 
down-regulates  c-FLIP  expression  levels  irrespective  of  COX-2 
expression.  In  addition*  we  examined  the  effect  of  2,5-dimethyl- 
celecoxib.  a  derivative  of  ceiecoxib  completely  lacking  COX-2 
inhibitory  activity  {9},  on  c-FLIP  expression  and  found  that  2,5- 
dimethyl-celecoxib  still  decreased  c-FLIP  levels,  albeit  with  more 
potency  than  ceiecoxib  (Supplementary  Fig,  S2),  This  result  again 
suggests  that  ceiecoxib  reduces  c-FLXP  levels  independent  of  its 
COX-2-inhibitory  activity.  Collectively,  we  conclude  that  cdecoxib 
down-regulates  c-FLIP  expression  independent  of  COX- 2. 

To  determine  the  involvement  of  c-FLIP  down -regulation  in 
cdecoxib-induced  apoptosis*  we  used  a  lentiviral  expression  system 
to  enforce  expression  of  c-FLIP  in  non -small-eel!  lung  cancer 
cell  lines  and  then  analyzed  its  effect  on  cdecoxib-induced  caspase 
activation  and  apoptosis.  Taking  advantage  of  a  lend  viral  ex¬ 
pression  system  that  can  achieve  both  transient  and  stable  gene 
expression*  we  first  transiently  expressed  FLIPl  or  FLtP$  in  HI792 
cells.  By  Western  blotting,  we  could  detect  high  levels  of  ectopic 
FUPl  or  FLTP$  (Fig.  3d).  Ceiecoxib  Induced  cleavage  of  caspase-S, 
caspase-3.  and  poly(ADP-ribose)  polymerase  in  lacZ- infected 
control  cells,  evidenced  by  the  decrease  h  the  levels  of  their  pro- 
forms  and  the  increase  in  the  amounts  of  Lheir  cleaved  bands. 
However*  these  effects  were  inhibited  or  diminished  in  cells 
infected  with  c-FLIP*  particularly  FLIP]  {Fig,  3A).  Consistently,  we 
detected  34%  apoptotic  cells  in  kcZ-infected  cells,  but  only  17% 
and  26%  apoptosis  in  cells  infected  with  FL1Pl  and  FLIPS, 
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Figure  3.  Both  transient  (A  and  8)  and  stable  (C  and  D )  aver  expression  of 
exogenous  c-FLIP  protect  celts  from  celflcaxib-induced  caspase  activation 
(A  and  C)  and  apoptosis  (8  and  D)  in  human  lung  cancer  cell  lines.  A  and  8, 
HI  792  colls  were  infected  with  lantiviruses  carrying  UcZ.  FLIRU  end  FUPfi,  After 
a  brief  selection  with  blastodm  lor  5  days,  the  cells  were  treated  with  DM  SO 
op  50  j*moVL  celecoxib  (CCB).  Twenty-four  hours  later,  the  cells  were  subjected 
to  preparation  of  whole-cell  protein  lysates  and  subsequent  Western  blot 
analysis  for  detection  of  caspase  activation  (A)  or  harvested  lor  detection  of 
apoptosis  try  Annexin  V  stalnrng-flow  cytometry  [B).  C  and  D.  Hi 57  stable 
transfectants  expressing  lacZ.  FUP^  and  FLI  P3  were  treated  with  DM  SO 
or  50  amoW_  celecoxib.  Twenty-four  hours  later,  the  ceils  were  subjected  to 
preparation  of  whole-cell  protein  lysates  and  subsequent  Western  plot  analysis 
lor  detection  of  cespase  activation  (C)  or  harvested  for  detection  of  apoptosis 
by  Annexin  V  staining-flow  cytometry  (D).  CFs ,  cleaved  forms.  Note  that 
the  endogenous  levels  of  FLIP|_  and  FLlP3  proteins  ere  not  visible  tn  these 
Western  blots  due  to  the  short  exposure  times  required  to  visualize  the  highly 
overexpressed  exogenous  forms  of  these  proteins.  In  the  Annexin  V  staining 
assay,  the  percent  positive  cells  in  the  top  right  and  bottom  right  quadrants 
were  added  to  yield  the  total  of  apoptotic  cells. 


respectively,  by  Annexin  V  staining  (Fig,  3£).  Thus,  these  results 
show  partial  protective  effects  of  c-FLIP,  particularly  FUPLr  on 
celecoxib-induced  apoptosis. 

Following  this  study,  we  fiurther  established  stable  cell  lines  from 
H157  cells  that  expressed  ectopic  FLIPl  or  FUP$  and  examined 
their  responses  to  eelecoxib-mduced  apoptosis.  By  Western  blot 
analysis,  we  detected  the  expression  of  ectopic  FUPL  and  FLiPs 
in  H157-FLIPl-6  and  HIST-FLIP^-l  transfectants,  respectively 
(Rg,  3C),  indicating  the  successful  expression  of  ectopic  FLIP],  or 
FLtPs  In  H157  cells,  Celecoxib  treatment  strongly  increased 
amounts  of  cleaved  forms  of  caspase-S*  caspase-9,  caspase-3,  and 


polyfADP-ribose)  polymerase  io  the  control  HJ57-lacZ-5  cells; 
however,  these  effects  were  abrogated  or  diminished  in  either 
H  157-FLIP i  -6  or  H157-FLTPS-1  cells.  Accordingly,  celecoxib  caused 
25,6%  apoptosis  in  Hl57-lacZ-5  cells,  but  only  7,9%  and  13,5% 
apoptosis  in  H157-FllPi,-6  and  Hi 57-FUPg -l  transfectants,  respec¬ 
tively  (Fig  3Z3).  These  results  thus  indicate  that  stable  over- 
expression  of  c-FLIP,  particularly,  FLIPl*  protects  cells  from 
celeooxib-induced  apoptosis,  Taken  together,  we  conclude  that 
down-regulation  of  c-FUP  contributes  to  celecoxib -induced 
apoptosis.  Because  c-FLIP  is  a  key  regulatory  protein  that  inhibits 
death  receptor-mediated  apoptosis  (5),  these  findings  further 
support  our  notion  that  the  extrinsic  apoptotic  pathway  plays  a 
important  role  in  celeccwrib-induced  apoptosis,  at  least  in  human 
non -small-cell  lung  cancer  cells  as  previously  shown  (4),  In 
agreement  with  our  finding  a  recent  study  has  shown  that 
celecoxib  activates  the  death  receptor-mediated  apoptosis  in 
hepatocellular  carcinoma  cells  (18), 

We  previously  reported  that  celecoxib  in  combination  with 
TRAIL  augmented  the  induction  of  apoptosis  in  human  non-small 
cell  lung  cancer  cells  (4).  To  determine  whether  down -regulation  of 
c-FLIP  also  contributes  to  synergy  between  celecoxib  and  TRAIL  on 
apoptosis  induction,  we  examined  the  effects  of  enforced  over* 
expression  of  c-FLIP  on  celecoxib-raediated  enhancement  of 
TRAIL-induced  apoptosis  in  two  non -small-cell  lung  cancer  cell 
lines.  To  this  end,  we  further  established  H460  transfectants  that 
overexpressed  ectopic  FUPL  and  FLIPS  (Fig-  44),  in  addition  to  the 
aforementioned  H157  cells.  In  the  mo  tested  cell  lines  (ie„  HI  57 
and  H460),  the  combination  of  celecoxib  and  TRAIL  induced 
more  than  additive  effects  on  induction  of  apoptosis  compared 
with  each  single  agent  in  lacZ-infected  control  cells  evaluated  by 
Annex)  n  V  staining  however,  these  effects  were  either  abrogated  or 


Figure  4,  Overexpression  of  exogenous  c-FLIP  protects  celts  from  induction  of 
apoptosis  by  the  combination  of  celecoxib  (CCB)  and  TRAIL  In  H460  {A  and  B) 
and  Hi 57  {CJ  human  lung  cancer  cell  lines,  A  and  B,  the  Indicated  H460  stable 
iransfectants  ware  treated  with  OMSQ,  50  jimol/L.  celecoxib  alone.  3  ngfmj. 
TRAIL  atone,  or  celecoxib  and  TRAIL  combination  for  24  hours  (B).  The 
expression  of  ectopto  Fl_|PL  ^0  FLIP;;  was  detected  by  Western  blot  analysis 
(A).  C.  tne  Indicated  Hi  57  stable  transf  octants  expressing  lacZ,  FUPL.  and 
FUPs.  es  shown  irr  Fig,  3,  were  treated  with  DM  SO.  50  Hmot4  celecoxib  alone, 
4  fiQ/mi  TRAIL  alone,  or  celecoxib  and  TRAIL  combination  for  24  hours.  At  the 
end  ol  the  atoremen! toned  treatment*  (B  and  C),  the  cells  were  harvested  lor 
detection  of  apoptosis  by  Annexin  V  slain ing-ltow  cytometry. 
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inhibited  in  cells  overexpressing  c*FUR  particularly  FLEPl  (Fig:  AS 
and  C).  For  example,  the  combination  of  celecoxib  and  TRAIL 
caused  -5S%  apoptosis  in  H1574acZ-5  cells,  but  only  13% 
apoptosis  in  H157-FUPL-6  cells  and  17%  apoptosis  in  H157- 
FLIPs-1  cells  (Fig,  AC).  Thus,  these  results  collectively  show  that 
down- regulation  of  c-FLTP  also  contributes  to  eelecoxib-mediated 
enhancement  of  TRAIL  induced  apoptosis. 

We  noted  that  the  concentrations  (^10  pmol/L)  required  for 
celecoxib  to  down -regulate  c-FLIP  are  higher  than  clinically 
achievable  peat  plasma  concentrations  (S-2-5.6  pmol/L)  of 
celecoxib  in  humans  after  oral  administration  of  a  single  dose  of 
SCO  mg  (19).  Given  that  celecoxib  has  been  developed  and 
marketed  mainly  for  treatment  of  arthritis  and  pain,  but  not 
primarily  for  anti  cancer  purposes,  it  is  conceivable  that  this  drug 
might  be  suboptimal  for  inclusion  in  the  therapy  of  advanced 
cancers,  such  as  non -small -cell  lung  cancer  cells.  In  this  regard,  it 
might  be  beneficial  to  consider  streamlined  celecoxib  derivatives 
that  are  optimized  for  anti  cancer  applications,  and  some  promising 
efforts  have  indeed  been  made  in  this  direction.  Certain  novel  non- 
COX-2  inhibitory  celecoxib  derivatives  show  better  activity  than 
celecoxib  in  inducing  apoptosis  and  inhibiting  the  growth  of 
tumors  (9,  25),  further  emphasizing  the  need  to  explore  and 
understand  the  underlying  molecular  mechanisms  by  which  these 
drugs  exert  their  proapoptotic,  antitumor  potential.  In  this  regard, 
our  finding  that  celecoxib  and  Its  COX- 2-inactive  derivative  23- 
dim  ethvi-ceJecoxib  down -regulate  c-FLIP  provides  a  novel  aspect 
of  this  process  and  is  important  for  understanding  the  molecular 
mechanisms  by  which  these  drugs  induce  apoptosis.  We  noted  that 
2,5-dim ethyl-cdecoxib,  which  is  more  potent  than  celecoxib  in 
down-regulating  c-FLIP,  was  also  more  potent  than  celecoxib  in 


decreasing  ceil  survival  and  inducing  apoptosis  in  human  non- 
small -cell  lung  cancer  cells,5  suggesting  that  there  is  a  inverse 
relationship  between  down -regulation  of  c-FLIF  and  induction  of 
apoptosis  by  celecoxib  and  its  derivatives.  Therefore,  we  may 
consider  modulation  of  c-FLIP  as  a  screening  tool  for  the 
development  of  novel  celecoxib  derivatives  with  better  anti  cancer 
efficacy. 

In  conclusion,  the  present  study  shows  for  the  first  time  that 
celecoxib  down -regulates  c-FLIP  expression  in  human  non- 
sm all-cell  lung  cancer  ceils;  this  down-regulation  accounts  for 
celecoxib-mediated  induction  of  apoptosis  and  enhancement  of 
TRAIL -induced  apoptosis.  These  results  complement  our  previous 
finding  that  tiie  death  receptor- mediated  extrinsic  apoptotic 
pathway  plays  a  critical  role  in  celecoxib- induced  apoptosis  in 
human  lung  cancer  ceils. 
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ABSTRACT 

Peroxisome  proliferator-octt voted  receptor  y  (PPARy)  ligands  are  potential  chemo- 
preventive  agents.  Many  studies  hove  shown  that  PPARy  ligands  Induce  apoptosis  in 
various  types  of  cancer  cells  including  lung  cancer  cells.  Some  PPARy  ligands  have  been 
shown  to  down  regulate  cTLIP  expression  and  thus  enhance  tumor  necrosis  factor-related 
apoptosi inducing  ligand  [TRAIL] -induced  apoptosis  In  some  cancer  cell  lines*  In  the 
current  study,  we  further  show  that  PPARy  ligands  induced  the  expression  of  death 
receptor  5  (DR5)  and  increased  DR5  distribution  at  the  cell  surface  in  addition  to  reducing 
e-FtIP  levels  in  human  lung  cancer  cells.  These  agents  cooperated  with  TRAIL  to  enhance 
induction  of  apoptosis  in  human  lung  cancer  cells.  Both  overexpresslon  oF  c-FUP  and 
knockdown  of  DR5  abrogated  PPARy  ligand's  ability  to  enhance  TRAIL-induced  apoptosis. 
Thus,  it  appears  that  not  only  c-FLIP  downregulotion  but  also  DR5  upregulotion  contribute 
to  PPARy  ligand-mediated  enhancement  of  TRAIL-induced  apoptosis  in  human  Eung  concer 
celts.  Both  the  PPARy  antagonist  GW9662  ond  silencing  PPARy  expression  failed  to 
diminish  PPARy  ligand-induced  DR5  upregulation  or  c-FLIP  downregulotion,  indicating  that 
PPARy  ligands  modulate  that  expression  of  DR5  and  c-FUP  through  a  PPARf independent 
mechanism*  Collectively,  we  conclude  that  PPARy  ligands  exert  PPARy-independent  effects 
on  inducing  DR5  expression  and  downregulating  c-FLIP  levels,  leading  to  enhancement 
of  TRAIL-induced  apoptosis. 


INTRODUCTION 

Tumor  necrosis  factor-related  apoptosis- inducing  (TRAIL)  l$  a  soluble  protein  that 
induces  apoptosis  upon  binding  to  death  receptor  4  (DR4,  also  named  TRA3L-R1)  or 
death  receptor  5  (DR5,  also  named  TRAIL-R2,  TR1CK2,  or  Killer/DR5).  TRAIL  pref¬ 
erentially  induces  apoptosis  in  transformed  or  malignant  cells,  demonstrating  potential 
as  a  tumor-selective  apoptosis-inducing  cytokine  for  cancer  treatment. li2  Importantly, 
many  small  molecules  including  traditional  chemotherapeutic  agents  are  able  to  augment 
TRAIL-induced  apoptosis  in  multiple  types  of  cancer  cells  including  lung  cancer" ceils. 
Thus,  TRAIL  shows  a  strong  potential  as  a  cancer  therapeutic  agent  and  is  being  tested 
in  phase  I  clinical  trials. 

There  are  several  key  components  ihat  modulate  TRAIL-induced  apoptosis.  One 
such  component  is  death  receptor  5>  ’which  is  one  of  the  apoptoric  death  receptors  that 
compose  of  a  cysteine-rich  extracellular  domain  and  cytoplasmic  death  domain.3  DR5 
locates  at  the  cell  surface,  becomes  activated  or  oligomerized  (trimerized)  upon  binding  to 
its  ligand  TRAIL,  and  then  signals  apoptosis  through  cas  pas  e- 8 -media  red  rapid  activation 
of  caspasc  cascades.3*4  Another  important  protein  involved  in  TRAIL  signaling  is  cellular 
FLICE-inhibiiory  protein  (c-FLIP;  also  called  Caspcr/I-FLlCE/FLAiME-I/CASH/ 
CLARP/MRIT),  which  is  the  major  negative  regulator  of  TRAIL/death  receptor- induced 
apoptosis.5*6  c-FUP  binds  to  Fas-associated  death  domain  (F ADD)  and  caspase-8  at  the 
death-inducing  signaling  complex  (DISC),  and  thereby  inhibits  death  receptor-mediated 
apoptosis/  c-FLIP  has  multiple  splice  variants,  and  two  main  forms  have  been  well 
characterized:  c-FUP  short  form  (c-FUP$)  and  c-FLIP  long  form  (c-FLIP^.5-6  It  has 
been  well  documented  that  elevated  c-FUP  expression  protects  cells  from  death  receptor- 
mediated  apoptosis  in  various  cell  types,  whereas  down  regulation  of  c-FLIP  by  chemicals 
or  siRNA  sensitizes  cells  to  death  receptor- media  ted  apoptosis.5'6  Both  DR5  and  c-FLIP 
are  subjected  to  modulation  by  certain  cancer  therapeutic  agents.  Generally  speaking, 
agents  that  either  upregulate  DR5  expression  and/or  down  regulates  c-FUP  levels  often 
exhibit  activity  in  enhancing  TRAIL  induced  apoptosis.8 
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Peroxisome  pro  life  r  aror*acrivated  receptor  y  (PPARy)  ligands  are 
potential  cancer  chemoprevenrive  and  therapeutic  agents.51^  Many 
p technical  studies  have  shown  chat  PPARy  ligands  induces  growth 
arrest  and  apoptosis  in  various  types  of  cancer  ceils  including  lung 
cancer  cells  in  vitro  and  inhibit  tumor  growth  and  carcinogenesis 
in  animal  models.5'1  Moreover,  these  agents  can  be  combined 
with  ocher  agents  to  exhibit  enhanced  anti  cancer  activity.13,14  Some 
PPARy  ligands  have  been  shown  to  downregulatc  c-FLIP  expression 
and  thus  enhance  TRAIL- induced  apoptosis  in  certain  types  of  cancer 
cell  lines. I5Jfi  In  contrast  to  c-FLIR  the  studies  on  the  modulation  of 
PPARy  ligands  on  DR5  expression  have  generated  conflicting  results. 
The  P?ARy  agonists  1 5-deoxy-Au'14-prostaglandin  J2  (15d-PG]2) 
and  troglitazone,  but  not  piogliiazone  and  rosiglitazonc,  were  shown 
to  induce  DR5  expression.^8 u  However,  15d-PGJ2was  not  shown 
to  have  such  an  effect  in  a  different  study,13  Moreover,  it  is  not 
dear  whether  DR5  upregularion  is  involved  in  enhancement  of 
TRAIL- induced  apoptosis  by  PPARy  ligands. 

In  the  current  study,  we  Investigated  the  modulatory  effects  of 
synth eric  PPARy  ligands  on  the  TRAIL/ death  receptor* mediated 
apoptotic  pathway  in  human  lung  cancer  cells.  In  addition  to  down- 
regulation  of  c-FLIP,  wtc,  for  the  first  time,  demonstrate  char  PPARy 
ligands  also  induce  DR 5  expression  In  various  lung  cancer  cell  lines. 
Like  c-FLIP  down  regulation,  DR5  upregularion  also  contributes  to 
enhancement  of  TRAIL-induced  apoptosis  by  PPARy  ligands, 

MATERIALS  AND  METHODS 

Reagents.  Troglitazone,  pioglitazonc  and  rosiglitazone  were 
purchased  from  LKT  Laboratories  Inc  (Si.  Paul,  MN).  Cigolitazone 
and  GW  1$)29  were  purchased  from  Tocris  (Ellisville,  MO),  WY 14363 
was  purchased  from  Biomol  (Plymouth  Meeting,  PA).  CDDO  was 
provided  by  Dr.  M.  B,  Sporn  (Dartmouth  Medical  School  Hanover, 
NH).  These  agents  were  dissolved  in  dimethyl  sulfoxide  (DMSQ)  at 
a  concentration  of  10  mM  or  100  mM,  and  aliquots  were  stored  at 
-S0*C.  Stock  solutions  were  diluted  to  the  desired  final  concentra¬ 
tions  with  growth  medium  just  before  use.  Soluble  recombinant 
human  TRAIL  was  purchased  from  PcproTech  Inc  (Rocky  Hill,  Nj). 
Rabbit  polyclonal  anti*DR5  antibody  was  purchased  from  ProSci 
Inc  (Poway,  CA),  Mouse  monoclonal  antbcaspase*3  was  purchased 
from  Imgcncx  {San  Diego,  CA).  Rabbit  polyclonal  anti-caspase-9, 
anti -caspase- 8,  and  anti- PAR?  antibodies  were  purchased  from 
Cell  Signaling  Technology,  Inc.  (Beverly,  MA).  Mouse  monoclonal 
anti -FLIP  antibody  [NF6)  was  purchased  from  Alexis  Biochemicals 
(San  Diego,  CA),  Rabbit  polyclonal  anri-P*acrin  antibody  was 
purchased  from  Sigma  Chemical  Co,  (St.  Louis,  MO). 

Cell  lines  and  cell  cultures.  All  lung  cancer  cell  lines  used  in  this 
study  were  purchased  from  the  American  Type  Culture  Collection 
(Manassas,  VA),  These  cell  lines  were  grown  in  monolayer  culture 
in  RPMI  1640  medium  supplemented  with  glutamine  and  5%  fetal 
bovine  serum  (FB5)  at  37 ‘C  in  a  humidified  atmosphere  consisting 
of  5%  C02  and  95%  air. 

Establishment  of  stable  cel!  lines  that  overexpress  c-FLIP^  or 
c*FLIPs.  c-FUPl  and  c-FLIPs  coding  regions  were  amplified  by  PCR 
using  plasmids  containing  full  length  cDNAs  of  FLIPl  and  FLIPS, 
respectively,  which  were  provided  by  Dr.  J.  Tschopp  (University 
of  Lausanne,  Switzerland).7  The  amplified  fragments  were  then 
ligated  into  the  pT-easy  vector  (Promega,  Madison  WT)  following  the 
manufacturer  sprotocol  as  pT-easy-FLIPLand  pT-easy-FLIPs,  respectively 
using  the  primers:  c-FUPL  sense,  5LGACTAGTGCCGCCACCAT- 
GGATTACAAAGACGATGACG*3\  and  FLIP^  antisense,  5-CGG- 


GCCCTTATGTGTAGGAGAGGATAAGTTTC-3\  c-FLIP5  sense, 
5 1  -GACTAGTGCCGCCACCATGTCTGCTG  AAG  T  CAT  CC  AT 
CAGG-31  and  c-FU?s  antisense,  5'-CGGGC CCTCACATGG 
AACAATTT CCAA G  *3K.  Both  pLenti-DcRl  (a  lentiviral  vector 
harboring  the  DcRl  gene,  which  was  constructed  using  the  pLeniifi/ 
V5  Directional  TOPO  Cloning  kit  purchased  from  Invitrogen) 
and  pT-casy-FLIPL  or  pT-caiy-FLIPs  were  cut  with  ^>rl  and  Apa J 
restriction  enzymes.  The  released  fragment  containing  c-FLIPl  or 
c-FLJPs  gene  was  then  cloned  Into  the  digested  pLemi6/V5  vector 
and  the  resultant  constructs  were  named  pLenri-Flag-FUP1  and 
pLenti-FLIPs,  respectively.  In  this  study,  we  used  pLenti-Lac  Z  as  a 
vector  control,  which  was  included  in  the  pLcim6/V5  Directional 
TOPO  Cloning  kit.  Lentiviral  production  and  titer  determination 
were  done  following  the  manufacturers  instruction.  To  establish 
stable  cell  lines,  A549  cells  were  infected  with  the  lemiviruses  at  ten 
of  multiplicity  of  infection  (MOI)  with  10  Jig/mL  polybrcne,  Afrer 
a  two-week  selection  using  50  jUg/mL  blastictdm  post  Infection,  the 
survival  clones  were  picked  up  and  screened  for  c-FLIP  expression  by 
Western  blotting  using  c-FLIP  antibody.  The  clones  with  the  highest 
levels  of  c-FLIP  expression  were  used  in  the  experiment. 

Cell  survival  assay.  Cells  were  seeded  in  96-well  cell  culture  plates 
and  treated  on  the  second  day  with  the  indicated  agents.  At  the  end 
of  treatment,  cell  number  was  estimated  by  die  suJforhodamine  B 
(SRB)  assay  as  previously  described.lsThe  cell  survival  was  presented 
as  percentage  of  control  as  calculated  by  using  the  equation:  AilAc  x 
1 00,  where  At  and  Ac  represent  the  absorbance  in  treated  and  control 
cultures,  respectively. 

Western  blot  analysis.  The  procedures  for  preparation  of  whole-cell 
protein  lysates  and  Western  blot  analysis  were  the  same  as  described 
previously.15  20 

Detection  of  cell  surface  DR5,  In  this  srudy  cell  surface  DR5 
expression  was  analyzed  using  flow'  cytometry.  The  procedure  for 
direct  antibody  staining  and  subsequent  flow  cytometric  analysis 
of  cell  surface  protein  was  described  previously.21  The  mean  fluo¬ 
rescence  intensity  (MFI)  that  represents  antigenic  density  on  a  per 
cell  basis  was  used  to  represent  DR5  expression  level.  Phycoeryrhrin 
(P£)- conjugated  mouse  anti-human  DR5  monoclonal  antibody 
(DJR2-4)  and  PE  mouse  IgGl  isotype  control  (M0PO21/P3)  were 
purchased  from  cBioscicncc  (San  Diego,  CA), 

Detection  of  caspase  activation  and  apoptosis,  Caspase  activation 
and  their  suhstrare  cleavage  were  detected  by  Western  blot  analysis 
as  described  above,  Apoprosis  was  detected  by  estimating  $ub-G1 
population  as  described  previously.22  In  addition,  the  amounts  of 
cytoplasmic  histone-associated  DNA  fragments  (mononudeosome 
and  oligonucleosomes)  formed  during  apoptosis  were  also  measured 
using  a  Cell  Death  Detection  ELISAp,us  kit  (Roche  Molecular 
Biochemicals,  Indianapolis,  IN)  according  to  the  manufacturers 
instructions. 

Silendng  of  DR5  expression  using  small  interfering  RNA 
(siRNA),  High  purity  control  (nonsilencing)  and  DR5  siRNA  oligos 
were  described  previously20  and  synth csized  from  Qiagcn  (Valencia, 
CA).  The  transfection  of  siRNA  was  conducted  in  a  24*wdl  plate 
(I  pg/wcil)  using  RNAiFecr™  transfect  reagent  purchased  from 
Qiagcn  following  the  manufacturers  instruction.  Forty-eight  hours 
after  the  transfection,  cells  were  treated  with  a  PPARg  ligand  alone, 
TRAIL  alone  and  their  combination.  Gene  silencing  effect  was 
evaluated  by  Western  blot  analysis  and  apoptosis  was  measured  as 
described  above. 
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Figure  7.  Effect*  of  various  PPARy  ligands  on  fh©  growth  of  human  lung  cancer  cells.  The  indicated  cell  line*  were  seeded  in  96-well  ceil  culture  plates.  On 
tne  second  day,  the  cells  were  treated  with  different  concentrations  ranging  from  0,5  to  100  ^iM  of  the  given  PPARy  ligands  and  WYU643  which  is  a 
PPAftn  ligand.  After  three  days,  the  cel  s  were  Fixed  and  subjected  to  estimation  of  cell  number  using  the  sulforhodomino  S  |SRBJ  assay.  Each  data  value  is 
a  mean  *  SO  of  four  replicates,  PLZ,  piog  lira  zone;  RLZ,  rosiglitazone;  CI2,  ciglitaaone;  TLZ,  troglitaxone 


RESULTS 

PPARy  ligands  inhibit  the  growth  of  human  Lung  cancer  cells.  To 
determine  the  concentration  ranges  or  potencies  of  individual  PPARy 
ligands  that  effectively  inhibit  the  growth  of  human  lung  cancer  cells, 
we  treated  four  lung  cancer  cell  lines  with  several  PPARY  ligands  for 
three  days  and  then  evaluated  their  effects  on  the  growth  of  the  given 
cell  lines.  As  presented  in  Figure  1 ,  WY 14643*  a  PRARa  ligand,  even 
at  a  concentration  of  100  pJv!  had  minimal  effects  on  decreasing 
the  survival  of  four  lung  cancer  cell  lines  tested,  whereas  all  PPARy 
ligands  at  the  rested  concentrations  ranges  effectively  decreased  cell 
survival  at  least  in  one  of  the  tesred  cell  lines  albeit  with  various 
degrees.  Among  these  ligands,  CDDO  stood  out  to  be  the  most 
potent  with  IC^S  of  0.5-2  pAL  Pioglitizonc  and  roglmzone  showed 
the  weakest  activity  in  decreasing  the  survival  of  the  lung  cancer  cell 
lines  with  IC50$  ranging  from  40  jiM  to  >  100  pM  Cigolitazone, 
tragi  itaione  and  GW  1929  were  in  between  with  1C50$  ranging  from 
1 5  JlM  to  1 00  J1.VL  Therefore,  we  chose  to  use  cigolitazone,  troglL 
cazone  and  GW1929  in  our  following  experiments, 

PPARy  ligands  cooperate  with  TRAIL  to  induce  apoptosis  In 
human  lung  cancer  cchs.  To  determine  whether  the  combination  of 
a  PPARy  ligand  with  TRAIL  exhibits  enhanced  effects  on  induction 
of  apoptosis  in  human  lung  cancer  cells  as  observed  in  other  types  of 
cancer  cell  lines,  we  first  examined  the  effects  of  PPARy  ligands  on 
the  survival  of  human  lung  cancer  cells  in  the  presence  of  TRAIL, 
As  presented  in  Figure  2A,  the  addition  of  low  doses  of  TRAIL, 
which  itself  minimally  decreased  cell  survival  (no  more  that  20%), 
greatly  enhanced  the  effects  of  cither  of  the  tested  PPARy  ligands 
(Le.,  troglitazonc,  cigolitizone  and  GW1929)  in  the  lung  cancer  cell 


lines  tested.  For  example,  troglitazone  alone  at  50  pM  and  TRAIL 
alone  at  20  ng/ml  decreased  the  survival  of  A 549  cells  by  approxi¬ 
mately  20%,  whereas  their  combination  decreased  cell  survival  by 
>75%.  Thus,  it  appears  that  the  combination  of  a  PPARy  ligand  with 
TRAIL  exhibits  enhanced  effects  on  decreasing  the  survival  of  lung 
cancer  cells. 

Following  the  cell  survival  study,  wc  analyzed  apoptosis  in  cells 
exposed  to  the  combination  of  a  PPARy  ligand  and  TRAIL  The 
single  agent  of  the  given  PPARy  ligands  or  TRAIL  at  the  concen¬ 
trations  tested  caused  minimal  apoptosis  (<]  5%).  However,  the 
combination  of  TRAIL  with  either  PPARy  ligand  tested  induced 
apoptosis  In  >40%  of  cells  (Fig.  IB),  In  agreement,  we  detected 
minimal  cleaved  forms  of  caspase-8,  caspasc-9,  ca$pa$e-3  and  PART 
from  ceils  treated  with  TRAIL  or  the  PPARy  ligands  tested  alone 
under  the  tested  conditions  by  Western  blot  analysis.  However,  we 
easily  detected  the  cleaved  forms  from  cells  exposed  to  the  respective 
combinations  of  TRAIL  with  PPARy  ligands  (Fig,  2C),  Collectively, 
these  results  dearly  show  that  PPARy  ligands  cooperate  with  TRAIL 
to  enhance  induction  of  apoptosis  in  human  lung  cancer  cells, 

PPARy  ligands  induces  DR5  expression  in  addition  to  down- 
regulation  of  c-FLIP  expression.  It  has  been  documented  that  some 
PPARy  ligands  decrease  c-FLIP  expression,  which  contributes  to 
enhancement  of  TRAIL- induced  apoptosis  by  PPARy  ligands  in 
certain  types  of  cancer  cells.15  Thus,  we  examined  effects  of  PPARy 
ligands  on  c-FLIP  expression  in  human  lung  cancer  cells.  The  three 
PPARy  ligands  trgolitizone,  dgolitazone  and  GW]  92$  decreased 
the  levels  of  both  FLIP]  and  FUPS  in  a  dose- dependent  manner 
in  A549  cells  (Fig,  3A),  The  downregulation  of  c-FLIP  occurred 
after  6  h  treatment  with  the  given  ligands  (Fig.  3B),  indicating  rhar 
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Figure  2.  Effects  of  PPAfty  ligands  in  combination  with  TRAIL  on  celt  survival  (B)  and  apoptosis  (B  ord  CJ  in 
human  lung  cancer  cetk  |A)  H4$G  and  A549  cell  lines  were  seeded  in  96-wqII  plates.  On  the  second  day, 
the  cells  were  treated  with  the  indicated  concentrations  of  trogfitazone  [Tl Z],  ciglitazone  (CLZ),  or  GW1929 
done,  20  ng/ml  TRAIL  done,  and  the  combination  of  TRAIL  with  the  respective  PPARy  ligand.  After  24  h,  ihe 
cells  were  fisted  and  subjected  to  estimation  of  cell  number  using  the  SRB  assay  Each  data  value  is  a  mean 
±  SD  of  four  replicates.  (B  and  C)  A549  cells  were  treated  with  50  ^tM  of  the  indicated  PPARy  ligands  alone, 
20  ng/ml  TRAIL  dona  and  their  respective  combinations.  After  24  h  [8}  or  12  h  [CJ,  the  cells  were  harvested 
for  detection  of  apoptosis  by  analyzing  subjG1  papulation  using  flow  cytometry  (B)  or  for  detection  of  activation 
of  the  indicated  casposes  using  Western  blot  analysis  (C).  Each  column  in  (BJ  Is  the  meon  ±  SD  of  duplicate 
determinations.  Casp,  cospose. 


c-FLIP  down  regal  ad  on  is  an  early 
event  induced  by  PPARy  ligands* 

Down  regulation  of  c-FLIP  expression 
by  P?ARy  ligands  occurred  noi  only 
in  A 549  cells  si  described,  but  also  in 
other  Jung  cancer  ceils  (e*g*,  HI 57, 

H46Q,  and  HI 792)  as  presented  in 
(Fig.  3 C).  Therefore,  it  appears  that 
down  regulation  of  c-FUP  by  PPARy 
ligands  commonly  occurs  in  human 
lung  cancer  cells, 

DR5  is  also  a  key  protein  involved 
in  TRAlL-mediared  apoptosis  and  is 
susceptible  to  modulation  by  certain 
small  molecules*  Therefore,  wc  were 
interested  in  determining  whether 
PPARy  ligands  modulate  DR5 
expression.  To  this  end,  wc  treated 
A549  cells  with  different  concentra¬ 
tions  of  crgolitizone,  cigolicazone  or 
GW1929  for  12  h  and  then  detected 
DR5  expression  in  these  cells  by 
Western  blot  analysis*  Similar  to 
modulation  of  c-FLIP  expression,  all 
three  ligands  increased  DR5  expres¬ 
sion  in  a  con  centra  don -depend  cm 
maner.  These  ligands  even  at  25  piM 
were  able  to  uprrgularc  DR5  expres¬ 
sion  (Fig.  3A).  Similar  to  c-FLIP 
downreguktion,  DR5  expression  was 
increased  after  6  h  exposure  to  the 
ligands  (Fig.  3B),  indicating  that 
DR5  upreguladon  is  also  an  early 
event  induced  by  PPARy  ligands* 

These  ligands  increased  DR5  expres¬ 
sion  in  ocher  lung  cancer  cell  lines 
as  wd!  (Fig.  3Q,  indicating  that 
induction  of  DR5  by  PPARy  ligands 
is  also  a  common  event  in  lung 
cancer  cells.  Because  DR5  is  a  cell 
surface  protein,  we  further  analyzed 
DR5  distribution  on  the  cell  surface 
in  cells  treated  with  different  PPARy 
ligands*  As  presented  in  Figure  3D, 
these  ligands  increased  the  mean 
fluorescent  intensity  (MFD  of  DR5 
staining  in  both  HL792  and  A549 
cells,  indicating  chat  PPARy  ligands 
increase  cell  surface  DR5  levels  in 
addition  to  upregu fating  the  total 
levels  of  DR5. 

Small  interfering  RNA  (SjRNAJ- 
mediated  silencing  of  DR5  expression  confers  resistance  to  induction 
of  apoptosis  by  the  combination  of  a  PPARy  ligand  and  TRAIL, 
To  determine  whether  DR5  upicguiation  contributes  to  cooperative 
induction  of  apoptosis  by  the  combination  of  a  PPARy  ligand  and 
TRAIL,  we  used  DR5  si  RNA  to  silence  DR5  expression  and  then 
examined  its  impact  on  the  apoptosis- inducing  effect  of  the  combi- 
narion.  The  result  in  Figure  4A  demonstrates  the  successful  silencing 
the  expression  of  DR5*  The  combination  of  troglitazone  and  TRAIL 


was  much  more  potent  than  each  single  agent  in  decreasing  the  levels 
of  uncleaved  forms  of  caspase-8  and  cas past-3  or  increasing  the  levels 
of  cleaved  form  of  caspase-9  and  PARP  (Fig*  4B)  and  in  increasing 
DNA  fragment  levels  (Fig.  4C)  in  control  si  RNA- transfected  A549 
cells.  These  effects  were  all  diminished  in  the  cells  transfected  with 
DR5  si  RNA  (Fig.  4B  and  C).  Thus,  these  results  demonstrate  that 
DR5  upreguladon  contributes  to  enhanced  induction  of  apoptosis  by 
the  combination  of  a  PPARy)  ligand  and  TRAIL* 


www.  landes  b  i  nsc  i  encc ,  com 


Cancer  Biology  &:  Therapy 


c4 


tjikanccncr.i  ofTRAJL'Inducfid  Apapcnarj  by  PPARy  ligtnck 


A  TLZ  CLZ  GW  1929 

i - 1 - 1 - 1 

Cone. [nM]:  0  25  5075  100  255075  100  2550  75 

FLIP,. 

FLIP,  H 
Act  In 


DR5 

Aetin 


R  DM  SO  TLZ  CLZ  GW  1329 

U  I - 1 - 1 - 1 - 1 

Tinte(h):  6  12  18  6  12  18  6  12  18  6  12  18 


FLIP,-*  *  - 

DR  5 

Act  in 


c 


H157 


H460 


Hi  792 


n  r 


— i  r 


DTCG  DTCG  DTCG 


FUP^  — 
DR 5 

GAPDH 


H1792 


AS49 


Figure  3,  PPARy  ligands  increase  DR 5  expression  in  addition  to  downregulahon  of  o-FUP  expression  (A-t)  and  increase  cell  surface  DR5  tp)  in  human 
lung  cancer  cells.  (A  ond  8)  A549  cells  were  treated  with  the  indicated  concentrations  of  troglitazone  (TLZ),  dgliloione  (CLZ)  or  GW1929  For  1 2  h  (A)  or 
50  fiM  of  the  agents  for  the  indicated  times  (B)  Whol&cell  protein  lysates  were  then  prepared  from  aforementioned  treatments  for  detection  of  Dft5,  c-FLIP 
and  actin  using  Western  blot  analysis.  |C)  The  indicated  lung  cancer  cell  lines  were  treated  with  DMSO  (D),  50  uM  of  troglitazone  (T),  ciglitazone  |C)  or 
GW1929  [G]  for  12  h  ond  then  subjected  to  preparation  of  whole-cell  protein  lysates  ond  subsequent  Western  blot  analysis  for  the  indicated  proteins. 
|D|  Both  HI  792  and  A549  cell  lines  were  exposed  to  50  jiM  of  the  indicated  PPARy  ligands  for  12  h  The  cells  were  then  harvested,  stained  with 
PE<onjugoted  DR 5  antibody  and  analyzed  by  flow  cytometry. 


F-nfbrced  c-FLIP  overcxpncssion  protects  cells  from  induction  of 
apoptosis  by  the  combination  of  a  PPARy  ligand  and  TRAIL  To 
determine  the  involvement  of  c-FLIP  downrcgulaaon  in  enhance¬ 
ment  of  TRAIL-induccd  apoptosis  by  PPARy  ligands,  we  established 
A549  stable  cell  lines  that  overexpress  Lac  Z  (serves  as  a  control), 
FLIPl  or  FLIPs  as  presented  in  Figure  5A,  In  agreement  with  afore¬ 
mentioned  results,  the  combination  of  troglitazone  and  TRAIL 
exhibited  enhanced  induction  of  apoptosis  compared  to  each  single 
agent  in  Lac  Z-2  and  Lac  Z-9  cell  lines.  This  effect  was  inhibited 
in  all  cell  lines  expressing  either  FLIP^  or  FUPS,  particularly  in  cell 
lines  expressing  FLIPl  (Fig.  5A).  Consistendy,  apoptosis  induced  by 
TRAIL  alone  was  also  inhibited  in  c-FLIP-overexpressmg  cell  lines 
(Fig.  5A),  Results  in  (Fig.  5B)  shows  representative  expression  levels 
of  FL1Pl  {he,,  FLIFl-2)  and  FLIPS  (FLIPs-8)  in  the  given  cell  lines. 
In  agreement  with  induction  of  apoptosis,  the  combination  of  trogli- 
tazonc  and  TRAIL  strongly  induced  cleavage  of  both  caspasc-8  and 
PAR?  in  Lac  Z-2  cells,  but  only  minimally  in  FLIPs-8  cells  and  in 
FLIPl-2  ceils  (Fig.  5R).  Collectively,  these  results  dearly  show  that 
overex  press  ion  of  c-FLIP  protects  cells  from  induction  of  apoptosis 
by  the  combination  of  TRAIL  wirh  a  PPARy  ligand.  In  another 


words,  downrcgulation  of  c-FUP  contributes  to  enhanced  induction 
of  apoptosis  by  the  combination  of  a  PPARy  ligand  and  TRAIL 
PPARy  ligands  modulate  the  expression  of  DR5  and  c-FLIP 
independently  of  PPARy,  To  determine  whether  PPARy  plays  a  role 
in  mediating  the  modulation  of  DR5  or  c-FUP  expression  by  PPARy 
ligands,  we  compared  the  effects  of  trogli  tazone  on  the  expression  of 
DR5  and  c-FLIP  in  the  absence  and  presence  of  the  PPARy  antago¬ 
nist  GW9662.  As  presented  in  Figure  6At  the  presence  of  GW9662 
at  50  jlM  and  the  maximal  tolerated  dose  of  75  |i-M  failed  to  impair 
the  ability  of  troglitazone  to  induce  DR5  or  downrrgulate  c-FLIP 
expression  in  both  A549  and  Hi 792  cells.  Moreover,  we  silenced 
the  expression  of  PPARy  and  then  examined  its  impact  on  PPARy 
ligand-induced  DR5  upregulation  and  c-FLIP  downrcgulation. 
As  shown  in  Figure  6B,  transfection  of  PPARy)  siRNA  into  A 5 49 
cells  substantially  decreased  the  levels  of  PPARy.  However,  both 
troglitazone  and  GW1929  induced  DR5  expression  and  decreased 
c-FLIP  levels  in  both  control  siRNA-  and  PPARy  siRNA  transfected 
ceils  with  comparable  degrees,  indicating  that  silencing  of  PPARy 
expression  does  not  affecr  the  effects  of  PPARy  ligands  on  modula¬ 
tion  of  DR5  and  c-FLIP  Token  together,  wc  conclude  that  PPARy 
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Figure  4  Silencing  of  DR5  expression  by  DR5  siRNA  {A)  ottenuoies  cospose 
oc Nation  (&]  and  apoptosis  (C)  induced  by  the  combination  of  trogfitozone 
jTLZ]  ond  TRAIL  AS 49  cells  were  seeded  in  a  24-well  cell  culture  plate  and 
on  the  second  doy  transfected  with  control  (Ctrl)  or  DR 5  siRNA.  Forty  hours 
loter,  the  cells  were  treated  with  50  pM  TLZ,  20  ng/ml  TRAIL  ond  their 
combination.  After  12  h  (A  and  B)  or  24  h  (C),  the  cells  were  harvested  for 
preparation  of  wholecell  protein  lysates  ond  subsequent  Western  blot  analy¬ 
sis  (A  and  B)  or  for  detection  of  DNA  fragmentation  using  an  ELISA  kit.  Each 
column  (C)  represents  the  mean  *  5D  of  triplicate  determinations. 


ligands  modulate  the  expression  of  DR5  and  c-FLIP  independently 
of  PPARy. 

DISCUSSION 

Enhancement  of  TRAIL- induced  apoptosis  by  PPARy  ligands 
has  been  documented  in  certain  types  of  cancer  cell  lines  including 
glioma,  neuroblastoma,  breast,  ovarian  prostate  and  colon  cancer 
cells  in  virro15*1®'2^2^  and  in  breast  cancer  in  vivo.24  Our  current 
study  confirms  and  extends  this  finding  m  human  lung  cancer 
cells.  PPARy  ligands  alone  in  general  have  weak  apoptosis-inducing 
activity  as  demonstrated  in  our  srudy  (Pig.  1).  However,  die  pres¬ 
ence  of  a  low  dose  of  TRAIL  can  result  in  enhanced  or  synergistic 
induction  of  apoptosis  in  various  types  of  cancer  cells  by  previous 
studies15  16'23-4  and  our  current  finding.  Given  that  some  PPARy 
ligands  are  marketed  drugs  for  treatment  of  type  II  diabetes,  these 
findings  warrant  the  clinical  resting  of  the  combination  of  a  PPARy 
ligand  with  TRAIL  as  an  effective  cancer  therapeutic  regimen. 


Figure  5.  Enforced  of  DP  expression  protects  cells  from  induction  of  apopto¬ 
sis  (A)  and  caspose  activation  (B)  by  the  combination  of  Iroglitazone  fTLZ] 
and  TRAIL  The  indicated  A549  cell  lines  expressing  loc  Z  (control],  f  UPL  or 
FUPS  were  treated  with  DM50,  50  uM  TLZ  alone,  10  ng/ml  TRAIL  alone 
and  the  combination  of  TiZ  and  TRAIL,  respectively.  After  24  h  (A)  or  1 2  h 
|B),  the  cells  were  harvested  and  subjected  to  detection  of  opoptoNe  cells  by 
analyzing  sub-G^  population  using  flow  cytometry  [A]  or  detection  of 
caspose  activation  using  Western  blot  analysis  (BJ. 

Downregubdon  of  c-FLIP,  survivm  and  cyclin  D3  or  induction  of 
p2jwa  i/dp]  been  documented  to  account  for  the  mechanisms  by 
which  PPARy  ligands  enhance  TRAlL-induced  apoprosls/5,16,23'24 
.Among  these  mechanisms,  down  regulation  of  c-FLIP  by  PPARy 
ligands  and  its  role  in  sensitizing  cancer  cells  to  TRAIL-induccd 
apoptosis  were  extensively  studied. IS*16  In  agreement  with  these 
findings,  we  also  found  that  PPARy  ligands  such  as  troglitazone, 
cigoli  tazonc  and  GWI929  decreased  the  levels  of  both  FUPL  and 
FLIPg  in  human  lung  cancer  cells  (Fig.  3).  Moreover,  we  demon¬ 
strate  that  down  regulation  of  c-FLIP  contributes  to  enhancement 
of  TRAIL- induced  apoptosis  by  PPARy  ligands  because  enforced 
expression  of  exogenous  c-FLIP  (either  FLIPl  or  FLIPS)  inhibited 
induction  of  apoptosis  by  the  combination  of  TRAIL  vrirh  trogli- 
tazone  (Fig,  5)-  Taken  together,  it  appears  that  c-FLIP  down  regular!  on 
is  an  important  mechanism  accounting  for  PPARy  ligand-mediated 
enhancement  of  TRAlL-induced  apoptosis  in  human  cancer  cells. 

By  for,  the  few  reports  on  the  modulation  of  DR5  expression  by 
PPARy  ligands  have  conflicting  results.35"17  Moreover,  the  involve¬ 
ment  of  DR5  modulation  in  PPARy  ligand- media  ted  enhancement 
of  TRAlL-induced  apoptosis  in  cancer  cells  has  not  been  addressed. 
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c-FUP  expression,  Af  The  indicated  cell  lines  were  p retreated  with  the  given 
doses  of  GW9662  and  then  cotreated  with  50  pM  frog li (a zone  (TLZ),  After 
1 2  h,  the  cells  were  subjected  to  preparation  of  whole-cdl  protein  lysates 
and  subsequent  Western  blot  analysis.  B,  A549  cells  were  Iransfecied  with 
control  (Ctrl)  or  PPAfty  siRNA,  After  48  h,  the  cells  were  treated  with  DMSO 
control,  50  pM  TL2  or  GW  1 929,  Twelve  hours  later,  the  cells  were  harvested 
for  preparation  of  whole-cell  protein  Eysates  and  subsequent  Western  blot 
analysis. 


In  this  study,  we  dearly  show  that  several  PPARy  ligands  including 
trogLiuaonc,  dgolitazone  and  GW1929  induced  DR5  expression 
while  down  regulating  c-FLIP  levels  in  multiple  human  lung  cancer 
cell  lines  (Fig.  3}*  indicating  that  both  DR5  upregulation  and  c-FliP 
reduction  are  concurrent  events  in  cells  exposed  to  PPARy  ligands. 
By  siRNA-medmed  silencing  of  DR5  expression*  wc  found  chat  the 
enhanced  induction  of  apoptosis  including  caspasc  activation  and 
DNA  fragmentation  by  the  combination  of  trogUtazonc  and  TRAIL 
was  substantially  attenuated.  Thus,  we  conclude  that  DR5  uprcgula- 
tion  also  contributes  to  cooperative  induction  of  apoptosis  by  the 
combination  of  a  PPARy  ligand  and  TRAIL,  This  should  be  the  first 
demonstration  for  the  involvement  of  DR5  up  regulation  in  sensitiza¬ 
tion  of  cancer  eelb  to  TRAIL-induced  apoptosis  by  PPARy  ligands. 
The  down  regulation  of  c-FLIP  by  PPARy  ligands  was  docu¬ 
mented  to  be  independent  of  PPARy,1^  as  was  the  induction  of  DR5 
by  I5d-PGJ2.'7  In  our  study,  the  presence  of  a  PPARy  antagonist  or 
si  RNA-  media  red  silencing  of  PPARy  expression  failed  to  inhibit  the 
modulation  of  either  DR5  or  c-FUP  expression  by  PPARy  ligands 
tFig.  6 ),  Thus,  we  condude  that  PPARy  ligands  induce  DR5  and 
downregulate  c-FUP  expression  independently  of  PPARy  in  human 
lung  cancer  cells. 

In  summary,  we  demonstrate  that  PPARy  ligands  enhance 
TRAIL-Induced  apoptosis  in  human  lung  cancer  cells.  In  addition 
to  downregulation  of  c-FLIR  PPARy  ligands  also  upregulate  DR5 
expression,  both  of  which  contribute  to  PPARy  ligand-mediated 
enhancement  of  TRAIL-induced  apoptosis.  Thus*  our  findings 
extend  our  understanding  on  the  mechanisms  by  which  PPARy 
ligands  sensitize  cancer  cells  to  TRAIL-induced  apoptosis. 
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Multiple  Oncogenic  Changes  (K-RASV12,  p53  Knockdown, 
Mutant  EGFRs,  pi 6  Bypass,  Telomerase)  Are  Not 
Sufficient  to  Confer  a  Full  Malignant  Phenotype 
on  Human  Bronchial  Epithelial  Cells 

Mitsuo  Sato,'  Melville  B.  Vaughan/  Luc  Girard/  Michael  Peyton/  Woochang  Lee,' 
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Jerry  W.  Shay/  and  John  D.  Minna'33 
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Abstract 

We  evaluated  the  contribution  of  three  genetic  alterations 
{p53  knockdown,  KRAS1'13,  and  mutant  EGFR)  to  lung 
tuttiorigenesui  using  human  bronchial  epithelial  cells  (HBEC) 
immortalized  with  telomerase  and  Cdk4- media  ted  p]6  bypass. 
RNA  interference  pS3  knockdown  or  oncogenic  K-RAi?1* 
resulted  in  enhanced  anchorage ‘independent  growth  and 
Increased  saturation  density  of  HBECs.  The  combination  of 
p53  knockdown  and  K-RA$VJ2  further  enhanced  the  tiunori- 
gemc  phenotype  with  increased  growth  in  soft  agar  and  an 
invasive  phenotype  in  three-dimensional  organotypic  cultures 
hut  failed  lo  cause  HBECs  to  form  tumors  in  nude  mice. 
Growth  of  HBbCs  was  highly  dependent  on  epidermal  growth 
factor  (EGF)  and  completely  inhibited  by  EGF  receptor  (EGFR) 
tyrosine  kinase  inhibitors,  which  induced  G*  arrest.  Introduc¬ 
tion  of  EGFR  mutations  E 7 4b- A 7 30  del  and  L&5SK  progressed 
HRECs  toward  malignancy  as  measured  by  soft  agar  growth, 
including  EGF-in  depen  dent  growth,  but  failed  to  induce 
tumor  formation.  Mutant  EGFRs  were  associated  with  higher 
levels  of  phospho-Akt,  phospho- signal  transducers  and 
activators  of  transcription  3  [hut  not  phospho -extracellular 
signal- regulated  kinase  (ERK)  3/2],  and  increased  expression 
of  DUSP6/MXP-3  phosphatase  (an  inhibitor  of  phoipho- 
ERKl/2).  These  results  indicate  that  (a)  the  HBEC  model 
system  U  a  powerful  new'  approach  to  assess  the  contribution 
of  individual  and  combinations  of  geoetic  alterations  to  lung 
cancer  pathogenesis;  ( b )  a  combination  of  four  genetic 
alterations,  including  human  telomerase  reverse  transcriptase 
overexpression,  bypass  of  plfi/RB  and  p53  pathways,  and 
mutant  K*RASvia  or  mutant  EGFR,  U  still  not  sufficient  for 
HBECs  to  completely  transform  to  cancer,  and  (<*)  EGFR 
tyrosine  kinase  inhibitors  inhibit  the  growth  of  prerwop  fasti  c 
HBEC  cells,  suggesting  their  potential  for  chemopreventjon. 
(Cancer  Res  2006c  66(4):  2116-28) 

Introduction 

Human  lung  cancer  develops  as  a  multistep  process,  usually 
occurring  because  of  years  of  smoking-related  tobacco  exposure 
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that  results  in  specific  proto-oncogene  and  tumor  suppressor  gene 
alterations  in  lung  epithelial  cells  (1).  In  fact,  the  majority'  of  lung 
cancers  have  many  such  changes  (I),  Identifying  the  minima]  and 
most  crucial  set  of  changes  required  for  lung  tumorigenesis  and  the 
effect  each  of  these  alterations  has  on  the  carcinogenic  process  is 
vital  to  develop  the  best  targets  for  early  detection  and  therapeutic 
intervention.  To  address  this  issue,  an  in  vitro  model  system  using 
human  bronchial  epithelial  cells  (HBEC)  was  recently  developed  to 
assess  the  contribution  of  specific  genetic  alterations  to  lung 
cancer  progression  (2,  3).  We  accomplished  this  by  overexpressing 
Cdk4  to  abrogate  the  p36/Rh  cell  cycle  checkpoint  pathway  and 
ectopic  expression  of  human  telomerase  reverse  transcriptase 
(hTERT)  to  bypass  replicative  senescence,  allowing  us  to  develop  a 
series  of  immortalized  HBEC  lines  without  using  viral  oncopro¬ 
teins.  These  HBECs  have  epithelial  morphology,  express  epithelial 
markers,  are  able  to  differentiate  into  mature  airway  cells  in 
organotypic  cultures,  have  minimal  generic  changes,  and  do  not 
exhibit  a  transformed  phenotype  (2,  3).  We  have  HBEC  lines  that 
are  derived  from  patients  with  a  variety  of  smoking  histories,  with 
and  without  lung  cancer,  which  also  allows  us  to  explore 
interindi vidua]  variation  in  Lhe  tumor  formation  process. 

Two  of  the  generic  alterations  that  occur  almost  universally  in 
human  lung  cancer,  inactivation  of  the  pI6/pRb  pathway  and 
expression  of  hTERT,  were  used  for  establishment  of  immortalized 
HBECs  and  so  are  already  present  The  pRb  pathway  (plfi12®*4- 
cyclinDl-Cdk4-pRB  pathway)  is  a  key  cell  cycle  regulator  at  the 
GrS  phase  transition.  Absence  of  expression  or  structural  abnor- 
mality  of  Rb  protein  is  seen  in  >9096  of  small-cell  lung  cancers 
(SCLC)  and  loss  of  pl6  protein  expression  by  several  mechanisms* 
including  methyl  ation  or  homozygous  deletion  of  pi &****,  is  seen 
in  >70%  of  non-SCLC  (NSCLC),  both  of  w'hich  result  In  the 
inactivation  of  this  pathway  (1,  4,  5).  Expression  of  high  levels  of 
telomerase  is  almost  universal  in  lung  cancer  (1).  hTERT  is  the  key 
determinant  of  the  enzymatic  activity  of  human  telomerase  and  its 
transcriptional  control  is  a  major  contributor  to  the  regulation  of 
telomerase  activity  in  many  types  of  human  cells  (6-JO).  Because 
of  the  central  role  of  the  pRb  pathway  and  telomerase  expression, 
we  initially  evaluated  the  contribution  of  ectopicaUy  expressing 
Cdk4  and  hTERT  on  Jung  cancer  development  However,  we  found 
that  such  cells,  although  immortal  and  donable.  did  not  show 
anchorage-independent  growth  or  an  ability  lo  form  tumors  in  vivo 
(2),  Other  investigators  and  our  group  had  also  immortalized 
HBECs  but  these  were  made  using  viral  onco  pro  terns,  such  as 
human  papillomavirus  E6/E7  or  SV40  large  T  antigen  with  or 
without  hTERT  (2,  11,  12).  These  oncoproteins  are  known  to  cause 


Cancer  Res  2006;  66:  (4).  February  15,  2006 


2116 


www.aacrjournals.org 


Oncogenic  Manipulation  of  Bronchial  Epithelial  Cells 


malignant  transformation  through  their  ability  to  inactivate  Rb 
and/or  p53*  as  well  as  provide  multiple  other  functions,  which  are 
not  characterized*  These  other  functions’  make  it  difficult  to 
estimate  the  importance  of  added  genetic  or  epigenetic  changes  in 
HBECs  immortalized  by  viral  oncoproteins. 

Thus,  we  designed  the  current  study  to  determine  if  the  HBECs 
were  genetically  tractable  and  to  analyze  the  effect  of  additional 
genetic  alterations  frequently  observed  in  lung  cancer  on 
tumorigenic  transformation  of  HBECs,  First  we  introduced  two 
well-known  genetic  alterations  seen  in  lung  cancer,  one  of  which  is 
the  loss  of  p53  function,  which  is  observed  in  90%  of  SCLCs  and 
50%  of  NSCLCs  (1),  The  other  is  oncogenic  K-RAS,  which  is 
frequently  seen  in  NSCICs  ( —  30%),  especially  in  adenocarcinomas 
but  probably  never  in  SCLCs  (I,  13,  14)*  Furthermore,  we  intro¬ 
duced  a  mutant  epidermal  growth  factor  (EGF)  receptor  (EGFR) 
that  has  recently  been  reported  in  NSCLCs  and  shown  to  be 
correlated  with  tumor  sensitivity  to  the  EGFR  tyrosine  kinase 
inhibitors  (15*  16),  We  report  here  that  HBECs  immortalized  by 
overexpression  of  Cdk4  and  hTEET  and  subsequently  manipulated 
to  have  oncogenic  K-RAS,  knockdown  of  p53f  or  mutant  EGFR 
have  acquired  part*  but  not  all  of  the  malignant  phenotype  by 
the  combination  of  these  genetic  alterations*  These  partially  pro¬ 
gressed  lung  epithelial  cells  show  that  more  changes  are  needed  for 
the  full  malignant  phenotype.  In  addition,  we  have  found  that  these 
preneoplastic  cells  are  exquisitely  sensitive  to  EGFR  inhibition 

Materials  and  Methods 

CelU  and  culture  conditions.  The  HBEC3  (HBEC3-KT)  immortalized 
normal  HBEC  line  was  established  by  introducing  mouse  Cdk4  and  hTERT 
into  normal  HBECs  obtained  from  a  65-year-old  woman  without  cancer  (2). 
NSCLC  NCMH41,  NCI-H 35£  NCLH1299.  and  NC1-H2122  cell  lines  were 
obtained  horn  Hamon  Center  Collection  (University  of  Texas  Southwestern 
Medical  Center).  HREC3  was  cultured  with  K-SFM  (Life  Technologies, 
Gaithersburg,  MU)  medium  containing  50  pg/mL  bovine  pituitary  extract 
(Life  Technologies)  with  or  without  5  ng/mL  EGF  (life  Technolopes)*  These 
cells  are  resistant  to  G41S  due  to  the  neomycin-resistant  gene  introduced 
with  the  Cdk4  expression  vector  and  to  puromycin  due  to  the  puromytin- 
resistant  gene  introduced  with  the  hTERT  expression  vector. 

Viral  vector  construction  and  viral  transduction.  We  used  the 
pSUPRR  vector  (OligoEngme,  Seattle.  WA)  of  Brummelkamp  et  ai.  (17.  IS)  as 
the  hash  for  generating  small  interfering  RNA  for  stable  p53  knockdown*  To 
generate  pSUPElLretro-ieocin  (p£RZ),  SacU  and  £coRI  sites  were 
introduced  into  zrotin- resistant  gene  fragment  amplified  from  pVgRXR 
(a  gift  from  Dr.  Preet  Chaudhary)  and  the  fragment  was  cloned  into 
pSUPETLretro  using  SacII  and  EcoRI  sites,  resulting  in  the  replacement  of 
the  puromyem-rcsistant  gene  with  a  zeocin- resistant  gene.  To  generate 
pSRZ-pS3  for  p£3  knockdown.  Eco Rl  and  Min  dill -digested  inserts  from 
pSUPEJFt-p53  (OlifioEnglne;  ret  18)  was  doned  into  the  same  sites  of  pSRZ. 
pBabe-hyg  and  an  oncogenic  K4USVJI,  pBabc-hvg-KRA£2  VI 2,  vectors  were 
provided  by  Dr.  Michael  White  (The  University  of  Texas  Southwestern 
Medical  Center,  Dallas,  TX).  To  produce  rirel-comairung  medium,  293T  cells 
were  transiently  transfected  with  viral  vector  together  with  pVpack-VSVG 
and  pVpack-GP  vectors  (Stratagene,  la  Jolla.  Ca),  Forty-eight  hours  after 
the  transfection,  supernatant  of  the  293T  cells  was  harvested  and  passed 
through  a  0,45  pm  filter  and  the  viral  supernatant  was  frozen  at  -BQ*C  The 
supernatant  was  used  for  infection  after  adding  4  pg/mL  polybrene  (Sigma* 
St  Louis,  MO),  Forty-eight  hours  after  the  infection,  drug  selection  for 
infected  cells  was  started  with  12.5  pg/mL  zeocin  (lnvitrogen,  Carlsbad,  CA) 
or  IB  pg/mL  hygromyun  (Clontech*  Palo  Alto,  CA)  and  continued  for  7  to  1 1 
days.  HBEC3  cells  were  infected  with  four  different  combinations  of  the  two 
retroviral  vectors:  (o)  pSKZ  and  pBabe-hyg  (vector  control);  (d)  pSRZ-p53 
and  pBabe-hyg;  ( c )  pSR2  and  pRabe-hvg-KRAS2-V12;  and  (d)  pSRZ*p53  and 
pRabe-hyg-K-RAS2*m 


To  introduce  wild  and  mutant  EGFRs  Into  HBEC3  ceils,  we  used  the 
pLentifr/directional  TGPO  cloning  kit.  Full-length  fragment  of  wild-type 
EGFR  was  amplified  from  pcDNA3.1-EGFH-wt  (a  gift  from  Dr,  Joachim  Hera* 
University  of  Texas  Southwestern  Medical  Center)  and  doned  into  pLentib/ 
directional  TGPO  vector  according  to  the  instructions  of  die  manufacturer 
(pLenti-wt-EGFR),  The  LS5SR  mutation  was  introduced  into  pLenti- 
wt-EGFR  by  using  site-directed  mutagenesis  lot  (Straragcne).  The  full 
length  of  E746-A750  del  mutation  was  amplified  from  cDNA  from  HCC827 
NSCLC  cell  Une  (15)  and  cloned  into  pLentib/ directional  TOPQ  vector. 
Correct  sequences  were  confirmed  by  sequencing  for  all  vectors.  Viral 
transduction  was  done  following  the  instructions  of  the  manufacturer. 
Briefly,  the  293FT  cells  were  transiently  transfected  with  viral  vector 
together  with  viral  power  (lnvitrogen).  Forty-eight  hours  after  the 
transfection*  supernatant  of  the  293FT  cells  was  harvested  and  passed 
through  a  0,45  pm  filter,  and  frozen  at  -SO ‘C  The  supernatant  was  used  for 
infection  after  adding  4  pg/mL  polybrene  (Sigma),  Forty-eight  hours  after 
the  infection*  drug  selection  for  infected  cells  was  started  with  5  pg/mL 
blasticidin  (lnvitrogen)  and  continued  for  7  days. 

Western  blot  analyst-  Preparation  of  total  ceD  lysates  and  Western 
blotting  were  done  as  described  previously  (20).  Primary  antibodies  used 
were  mouse  monoclonal  anti-p53  (Sant*  Cruz,  Santa  Cruz,  CA),  mouse 
monoclonal  anti-pil  (BD  Transduction  Laboratories,  Lradnglon,  ICY), 
mouse  monoclonal  anti-K-RAS  (Santa  Cmz),  mouse  monoclonal  anti  EGFR 
(BD  Transduction  Laboratories),  rabbit  polyclonal  anti-phospbo-EGFR- 
Tyr™  (Y1068),  rabbi i  polyclonal  antiphospho-EGFR-Tyi*4®  (Y845),  rabbit 
polyclonal  anti-phospho-EGFR-Tyr992  (Y992J.  rabbit  polyclonal  anti-pbos- 
phoEGFR-Tyr^  (Y1045;  Cell  Signaling,  Beveriy,  MA),  rabbit  polyclonal 
anti-MEKl/2  (Cell  Signaling),  rabbit  polyclonal  antLpho$pbn-MEKi/2  (Cell 
Signaling),  rabbit  polyclonal  ant! -extracellular  signaLreguhied  kinase 
(EiUC)  1  (Cab  Signaling),  rabbit  polyclonal  anti-phospho-ERKl  (Cell 
Signaling),  rabbit  polyclonal  antLAkt  (Cell  Signaling),  rabbir  polyclonal 
anti  phosphO'Akl  (Thr30*),  rabbit  polyclonal  anti-phospho-Akt  (Ser**1), 
mouse  monoclonal  anti-phospho-signal  transducers  and  actwators  of 
transcription  (STAT)  3  (Tyr705;  Cell  Signaling),  poly(ADP-ribose)  polymerase 
(PARPr  Cell  Signaling),  and  mouse  monoclonal  antiactin  (Sigma)  antibodies 
Actin  protein  levels  were  used  as  a  control  for  adequacy  of  equal  protein 
loading.  Anti  rabbit  or  antimouse  antibody  {1:2.000  dilution:  Amersham. 
Piscataway,  NJ)  was  used  as  the  second  antibody 

Immunofluorescence  staining.  Cell*  were  washed  with  PHF.M  [60 
mmol/L  PIPES,  25  mmol /L  HEPES,  10  mmol/L  EGTA.  and  1  mmd/L  MgCl3 
(pH  7,4)]  solution*  and  fixed  in  3%  paraformaldehyde  for  10  minutes  at  37 *C 
In  PKEM.  After  additional  washes  with  PBS.  ihe  cells  were  permcabilized 
with  0.1%  Triton  in  PBS  for  10  minutes*  blocked  with  3%  gdatln/3%  bovine 
serum  albumin  (B3A}/0,2%  Tween  20  for  1  hour  at  37*Ct  and  incubated  with 
mouse  polyclonal  anti-p63  antibody  (BD  Transduction  Laboratories)  and 
rhodamlne  pbaloidin  (Molecular  Probes,  Eugene  OR)  in  gelatin/ BSA 
blocking  solution  for  16  hours  at  4°C*  The  cells  were  then  Incubated  wkh 
the  Alfixa  Fluor  568  anti-mouse  IgG  (HtL  Molecular  Probes)  secondary 
antibody  for  1  hour  at  37  *C  Finally,  cells  were  stained  with  0 5  jag/tnL 
Hoechst  3325S  and  examined  in  a  fluorescence  microscope* 

RNA  extraction  and  revere  transcription -PCR/RFLP  analysis.  We 
modified  previously  reported  reverse  tran*cnption-PCR  (RT-PCRJ/tlFJJ 
method  designed  to  distinguish  mutated  from  wild*type  JT-AA5  alleles  (21), 
Total  RNA  was  extracted  using  RNeasy  mini  kit  {Qiagen.  Valencia*  CA)* 
Four  micrograms  of  total  RNA  were  reverse  transcribed  with  Superscript  II 
First-Strand  Synthesis  using  oligo-dTMP  primer  system  (lnvitrogen),  PCR 
amplification  was  carried  out  with  3.704  K-RASlTsT  sense  (GACTGAAIAT- 
AAACTTGTGGTAGTTGGACCT)  and  3*672  K-RAS  RT  R  antisense  (5*TCC- 
TCTTGA CCTGCTGTGTCG ■  3)  primers,  creating  flsrM  restriction  patterns 
that  distinguished  mutated  from  wild-type  X-RAS  alleles,  PCR  reactions 
were  done  in  a  25  pL  reaction  mixture  containing  15  mmol/L  MgCl*  1B75 
umol/L  of  each  deoxynucleotide  triphosphate,  10  pmol  of  each  primer,  and 
125  units  of  HotStar  Taq  DMA  Polymerase  (Qiagen).  Cycling  conditions 
were  one  incubation  of  15  minutes  at  95*C*  followed  by  35  cycles  of  a  20- 
second  denaturation  a|  60  second  annealing  at  SSX,  and  90  second 
extension  al  72 *C,  and  a  final  elongation  at  72* C  for  7  minutes.  PCR 
products  were  cut  with  BslNL  electrophoresized  on  1%  agarose  get  with 
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Rguft  1.  Charactenzaim  of  p53  knocked  down  and  K-RASVl  Express!  no  H8EC3  ceils.  A  Western  Wots  lowing  the  suppression  of  p53  p2l"* 

K^RAS  in  P53RNAJ-,  mutant  K-RASV1*“.  and  p53ftNAr  and  mutant  K-RAS^Expressing  H3EC3  «KtS>  p53  and  paf**™*?  are  clearly  knocked  down  in 
p53RNAi 'expressing  cells,  whereas  the  expression  levels  of  K-RAS  in  K-RASV1  Effected  and  p53RNA.  and  K-ftAS^Ean steeled  HBEC3  cells  approximate 
m**-'™*'*X**  H8EC3  cells.  B,  RFU>  analysis  of  K-RAS  eDNA  showing  mutant  K-RA$via  transects  are  predominancy  expressedTmutant 
K-RAS  -expressing  and  P53RMAJ  and  mutant  K-RASV1  Expressing  H8EC3  cells.  H2122  and  Hi  299  are  used  as  positive  controls  for  mutant  K-RAS™  and 
wild-type  K-RAS,  respectively.  Brummetkamp  et  ai,  (IB)  reported  a  new  vector  system,  named  pSUPER,  which  generated  small  interfering  RIM  As  in  mammalian  cells 
lo  Functionally  inactivate  p53.  Subsequently,  they  developed  a  retroviral  version  of  pSUPER.  named  pSUPER  ret  (pRS).  to  obtain  stable  knockdowns  and  showed 
stable  and  specific  knockdown  of  oncogene  K-RAS™  (17),  To  see  the  Jong-term  effect  of  p53  inactivation,  we  used  rhe  pSUPER  rat  system  for  p53  knockdown, 
Because  a  puromyoin- resistant  gene  in  pRS  was  already  integrated  In  HSEC3  in  the  process  of  inl/oducing  Cdk4,  we  developed  pRS-zeocin  vector  (pSRZ)  by  replacing 
the  fxrfomyon-resjstant  gene  in  pRS  vector  with  a  zeodmresisian;  gene  Subsequently,  the  published  pS3  target  small  interfering  RIMA  sequence  was  cloned  into 
pSRZ  (17h  IS),  yielding  pSRZ-p53  vector.  C>  increased  saturation  density  in  p53  RNAi  and  mutant  K-RASVI  Expressing  HBECs,  HBEC3  cells  (2  000)  were  cultured 
m  triplicate  12-well  plates  and  counted  every  3  days.  *  vector-expressing  HBEC3  cell;  ♦,  p53RNAHexpmssing  HBEC3 cells;  A,  mutant  K-RASV*  Expressing  HBEC3 
ceTJs;  ■  p 53 RNAi  and  mutant  K-RAS  -expressing  HBEC3  cells,  Dt  cells  were  grown  as  described  in  (Q  and  pictures  were  taken  on  day  12,  Er  liquid  colony 
formation  assay  for  vector-,  pS3RNAi-,  mutant  K-RAS  and  p53RNAi  and  mutant  K-RASV1  Expressing  HBECS  cells  in  the  presence  or  absence  of  EGF  (5  ng/mL) 
A.?5L0V<!?  Wli*  wef*  *****  per  dj5h  and  cufUjrad  for  2  weeks  before  staining  with  methylene  Wue.  A  quantitation  of  the  number  of  colonies  in  rhe  absence 
Of  EGF,  Columns,  mean  of  three  independent  experiments;  bars.  SD.  \P<  0.01,  one-way  ANOVA  with  Bonferronfs  poshest, 
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Table  1.  Turnon  genicity  assay  in  nude  mice  for  HBEC3  oeJIs 


Cell  line 

No.  nude  mice  injected 

No,  cells  per  mouse 

Observation  period  (d) 

Percentage  of  tumors 

NC1-H3SS 

10 

$  X  10* 

90 

100 

NC1-H441 

5 

5  X  JO* 

61 

100 

NCJ-H1299 

HBEC3 

40 

5  x  10* 

17-38 

100 

Non  treated 

5 

1  x  107 

90 

0 

K-RAS™ 

5 

5  X  10* 

90 

0 

pSSRNAl 

5 

5  x  io6 

90 

0 

p53RNAj  and  K-RAS™ 

5 

5  x  lo* 

90 

0 

p53RNAi  and  K-RAS™ 

With  Matrigql 

5 

23  x  10* 

90 

0 

p53  RNA1  and  EGFR-L85SR 

5 

15  x  io* 

90 

0 

pthidium  bromide,  end  visualized  by  UV.  NC1-H2122  cell  line  containing 
a  endogenous  mutant  K-RAS  at  codon  12  was  used  as  a  control  for 
K-RAS allek.  and  NG-H1299  cell  was  used  as  a  control  for  the  wild-typs 
K-RAS  allele- 

la  viirv  and  in  vivo  cell  growth  assay’s.  To  determine  growth  curves, 
cells  were  cultured  tn  triplicate  wells  in  1 2- well  plates  and  counted  every 
3  days.  Liquid  colony  formation  assays  were  done  as  previously  described 
(22).  Briefly.  200  viable  cells  were  plated  in  triplicate  100  mm  plates  and 
were  cultured  in  K-SFM  medium  supplemented  with  50  pg/mL  bovine 


pituitary  extract  with  or  without  5  ng/mL  EOF-  To  measure  ihe  effect  of 
gefitinib  or  erbtinib,  1  pmol/L  of  each  drug  was  added  to  the  medium  and 
the  medium  was  replaced  every  3  days.  Surviving  colonies  were  counted  14 
days  later  after  staining  with  methylene  blue.  For  soft  agar  growth  assays, 
L000  viable  cells  were  suspended  and  plated  in  03791  Sea  Kem  agar  (FMC. 
Philadelphia,  PA)  in  K-SFM  medium  supplemented  with  20%  of  fetal  bovine 
serum  and  SO  jig/mL  bovine  pituitary  extract  with  or  without  5  ng/mL  EQF 
in  triplicate  12-weU  plates,  and  were  layered  over  a  0.50%  agar  base  in  the 
same  medium  as  the  one  used  for  suspending  the  cells  To  measure 


Figure  2.  Effect  of  p53  knock  oown  and  mutant  K*RA$v1t  on 
three-dimensional  organotypic  culture  of  HBEC3  cells.  A,  stained 
pa/affir,  crosa-sectione  of  organotypic  cultures  of  HBEC3  cells 
showed  that  they  iormed  a  confluent  layer  ol  cells  on  the  upper 
surface  ol  the  culture  with  the  presence  ol  cilia*! Ike  stnjctures. 
Low-magnification  (S)  end  high -magnification  (C)  p53RNAi  and 
mutant  K-RASV1  Expressing  HBEC3  ceils  showed  a  histologic 
change  similar  to  metaplasia  and  dysplasia  and  they  invaded  into 
the  fibroblast  end  collagen  underlayer. 
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Figure  3.  Gefhinib  and 
eritrtjntb  inhibited  the  growth  oi 
HBEC3  cels,  by  inducing  G, 
cell  cycle  arrest  A,  effect  of 
gefitlnib  and  eriotjnib  on  liquid 
colony  formation  of  H0EC3 
cells,  A  iota  I  of  200  cells  were 
treated  with  1  Kmol/L  gefrtinib 
or  wlolimb  in  triplicate  TOO  mm 
plaits  m  the  presence  or  the 
absence  of  5  n^mL  EOF  and 
Cultured  tor  2  weeks  before 
staining  with  methylene  blue 
B,  PAR P  Western  bloi  for 
H0EC3  ceJis  treated  wrth 
1  ^rtioUL  gefitinib  or  erloiifnb  or 
0  1%  DM  SO  for  4g  hours 
Actin  is  used  as  loading 
control,  HCCB27  cell  Jme, 
which  has  been  shown  to  be 
highly  sensitive  to  gelttnfc 
treatment,  is  used  as  positive 
control  (19).  Cleaved  89  kDa 
fragment  js  Significantly 
increased  in  HCCB27  cells  but 
not  detected  In  any  of  HBEC3 
cells  after  the  treatment 


the  effect  of  gefitmib  or  ertotinib,  1  jxmol.'l..  of  each  drug  vn^  drug  added  to 
agar  base  layer.  The  number  of  microscopically  visible  colonies  (»50  ceils) 
was  counted  4  weeks  later.  In  vivo  Uimorigeniolty  was  evaluated  by 
injection  of  cdl*  in  nude  mice,  Male  BALfl/c  nude  {m/nu)  3-  to  6- week-old 
mice  (Charles  River  Laboratories,  WilmingLQn.  DE)  were  irradiated  on 
day  0  of  the  experiment  in  groups  of  five  animals  by  a  5 -minute  exposure  to 
3SQ  cGy  from  a  cesium  source.  The  next  day,  each  mouse  was  given  an 
injection  s,c,  on  its  flank  025  x  207  to  1  *  JO7  viable  HBEC3  cells  in  02  ml 
PBS  containing  different  combinations  of  ectopically  introduced  genes. 
Coinjection  of  Matrigd  (BD  Biostienre,  San  Jose,  CA)  was  also  tested  for 
HB£C3  cells  expressing  p53  RNA  interference  (RNAi)  and  K-RA£Via.  Mice 
were  monitored  every  2  to  3  days  for  tumor  size,  All  animal  care  was  in 
accord  with  institutional  guidelines  and  approved  Institutional  Animal 
Care  and  Research  Advisory  Committee  protocols.  The  NSCLC,  NC1-H35& 
SG-H441,  and  NCFH1299  cell  Lines  (5  x  10*  cdlsj  were  used  as  positive 
controls. 

Three -dimensional  organotypic  culture  assay.  Cultures  were  estab- 
Ushed  as  previously  described  for  skin  equivalents  (23)  except  that  airway 
fibroblasts  were  used  in  place  ofsJdn  ce Us.  Briefly,  type  l  collagen  and  IMR90 
fibroblasts  were  mixed  and  were  allowed  to  polymerize.  The  collagen  gels 
were  released  and  incubated  for  a  period  of  4  to  10  days  to  allow  the 


fibroblasts  to  contract  the  gek,  creating  a  "submucota/*  Gening  rings  were 
then  placed  atop  the  gds  and  HBEC  cells  were  plated  into  the  rings  at  a 
concentration  of  2  x  IQ* /cm3.  After  allowing  the  cells  to  attach  for  4  hours, 
the  rings  were  removed  and  organotypic  cultures  submerged  for  4  days  in 
keratinocyte  feeder  layer  medium  containing  ascorbic  acid,  then  emerged  to 
the  air-liquid  interface  for  up  to  28  days  in  culture,  after  which  time  the 
cultures  were  harvested,  fixed,  and  prepared  for  htetology,  Organotypic 
cultures  were  immersed  to  30%  neutral  buffered  formalin  overnight  at  4*C 
followed  by  dehydration,  paraffin  embedding,  and  thin  sectioning;  5  and  10 
pM  sections  were  then  rehydratad  and  stained  with  H&E  to  view  overall 
morph  ology  ( http:/ / www.p  rot  ocol-onlm  e*org/pror  /Hist  ology /Staining/), 
Stained  slides  were  then  viewed  using  an  Axioscop-2  or  Axioplan-2h 
microscope  (Carl  Zeiss,  Thorn  wood,  NY:  wwwr5tejtt,com)  and  photographed 
with  Hamamatsu  ORCA  monochrome  charge  coupled  device  camera 
(Hamamatsu,  Bridgewater,  N);  www-iiamamatsii.com). 

Cell  cycle  analysis.  Celia  were  harvested  48  hours  after  the  treatment  of 
1  pmol/L  gefitinib.  erlotinib,  or  0,1%  DMSO,  fixed  with  70%  ethanol  treated 
with  5  mg/mL  RNasc  A  (Roche  Molecular  Biochcmicals),  stained  with 
50  jtg/mL  propidJum  iodide,  and  analyzed  by  flow  cytometry  for  DKA 
syntiusls  and  ceU  cycle  status  [FACSCadibur  instrument.  (Becton  Dickinson) 
with  Flowjo  software]. 
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DNA  content 


FJgum  a  Continued,  C.  FACS  profiles  of  vector  fconlrol)  or  p53  RNAl  and  mutani  K-RASV1: "-expressing  H8EC3  celts  treated  with  1  ^\H  ot  gelitimb  or  ertgtinib 
or  0.1%  DMSO  for  48  hours  Cells  were  harvested  after  the  treatment,  stained  with  propidium  iodide,  and  analyzed  by  using  the  How  cytometer.  Xaxrsr  DNA  content; 
Y  ax&.  cell  number  The  fractions  of  ceUs  in  G,  phase  are  significantly  increased  in  both  vector  and  the  combined  HBEC3  p53  knock  down  and  mutant  K-RAS 
ceils,  with  the  reduction  of  S-phase  cells  after  the  treatment  of  gafrtinit)  or  eriotinib.  Compared  with  vector  cells  heated  with  DMSO  the  combined  HBEC3  p53 
knockdown  and  mutant  K-RAS  cells  treated  with  DMSO  Show  a  significant  increase  in  G3-M  phase  cells. 


Microarray  aoalysis,  RNAs  were  libeled  and  hybridized  to  Asymetrix 
HG-Ul33-Plns2  GeneChips  according  to  the  protocol  of  the  manufacturer 
(hHp;//www^a%Tiictrii.coTn),  This  array  contains  54,675  genes  (29*180 
unique  genes).  Microarray  analysis  was  done  using  Asymetrix  MictoArray 
Suite  5.0  And  in-house  Visual  Basic  software  MATRIX  136. 

Real-time  RT-PCK  for  DUSP6/MKP  3,  The  expression  of  DUSP6/MKP -3 
was  analyzed  by  quantitative  real-time  RT-PCEL  Primers  wore  designed  to 
ensure  a  single  107  bp  amplicon  using  the  standard  Taqman  assay-on- 
demand  PCR  protocol  with  a  10- minute  hot  start*  Products  were  resolved 
on  2%  agarose  (Sigma),  A  probe  sequence  was  designed  using  Primer- 
Express  software  (Applied  Biosystems),  The  probe  was  labeled  with  TAMRA 
(quencher)  and  FAM  [reporter)  and  synthesized  by  Integrated  DNA  Tech¬ 
nologies.  To  establish  the  efficiency  of  this  assay,  we  used  a  5-fold  serial 
dilution  of  cDNA  over  six  concentrations.  These  samples  were  run  on  the 
Gene  Amp  7700  Sequence  Detection  System  (Applied  Biosystems)  in 
triplicate.  The  resultant  curve  had  a  dope  of  -3396  and  A"  coefficient  of 
0.9939,  For  quantitative  analysis  of  DUSP6fMKP-3t  we  used  CAPDH  (Applied 
Biosystems  assay-on -demand)  as  an  internal  reference  gene  to  normalize 
input  cDNA.  Quantitative  real-time  RT-PCK  was  done  in  a  reaction  volume 
of  25  fily  including  1  pi  eDNA,  Wo  used  the  comparative  Ct  method  to 
compute  relative  expression  values. 

Statistical  analyses.  For  comparison  of  saturation  density  and  colony 
formation  between  the  different  genetically  manipulated  cell  strains,  we 
used  one-way  ANOVA  with  Bonferronfs  post  hoc  test  correction  and  for 
comparisons  of  the  effect  of  EGFR  on  growth  the  Mann- Whitney  U  test. 


Results 

RNAi- mediated  p53  knockdown  and  K-RAS  via  Introduction 
in  HBECSs.  We  used  retroviral  vector-mediated  RNA1  technology 
to  generate  HBEC3  clones  stably  knocked  down  for  p53,  HBEC3- 
expressing  Cdk4  and  hTERT  cells  were  infected  with  p$R2*p53 
(see  Materials  and  Methods  and  Fig,  1  caption),  selected  with 
zeocia  and  tested  for  p53  and  p2IWAPJ  protein  expression.  Western 
blot  analysis  showed  dear  suppression  of  p53  and  p2IWAF1 


(Fig.  Id).  Next  we  introduced  mutant  K-RASvl3  into  pSRZ- 
expressing  and  pSR2-p53-expres$ing  HBEC3  cells  using  pBabe- 
hyg-KRAS2-Vl2  retroviral  vector  followed  by  hygromycin  selection* 
Western  blot  analysis  showed  that  the  expression  levels  of  K-RAS  in 
K-RAS  V1 2-  transfected  and  p53RNAi  and  K-RAS  v 1 J- transf ec  ted 
HBEC3  cells  approximated  that  of  vector  alone -transfected  HBEC3 
cells  (Fig,  M),  Because  antibodies  that  recognize  only  wild  or 
mutant  K-RAS  are  not  available,  wc  did  RT-PCR/RFLP  analysis  to 
distinguish  between  K-RASV12  and  wild-type  K-RAS  mRNA 
expression.  The  analysis  revealed  that  mutant  K-RASVi2  transcripts 
were  the  predominant  form  expressed  in  the  K-RAS™- transfected 
HBEC3  alone  or  with  p53  RNAi  cells  (Fig.  L#).  indicating  that  most 
of  the  K-RAS  protein  expressed  in  HBEC3  cells  infected  with  pBabe 
hyg- KRAS2-V1 2  was  the  mutant  form.  We  also  did  immunocyto- 
chemistry  of  p63  (a  stem  ceil  marker)  and  found  that  mutant 
K-RAS  and/or  p53  knockdown  did  not  alter  the  p63  expression 
levels  of  HBEC3  cells  (data  not  shown). 

pS3  knockdown  and  K-RASV12  introduction  into  HBEC3* 
increase  saturation  density.  We  assessed  die  e fleet  of  p53 
knockdown  and  expression  of  mutant  KRAS™  on  cell  growth  and 
found  no  significant  difference  in  growth  rate  in  the  exponential 
growth  phase  between  p53RNAi-expressmg  K-RASV  ^-expressing 
p53RNAi  and  KRAS™- expressing,  and  vector-expressing  HBEC3 
ceDs.  However,  p53RNAi-expressmg  (P  <  0.01),  K-RASV 13 -expressing 
{P  <  0.01).  and  pSBRNAi  and  K-RASVI ''-expressing  (P  <  0.001) 
HBEC3  cells  achieved  significantly  higher  final  saturation  densities 
in  confluent  cultures  compared  with  vector-transfected  control 
(in  all  cases  here  and  below  using  one-way  ANOVA  with 
Bonferronis  post  hoc  test;  Fig,  1C  and  D).  Also,  the  final  density 
of  die  combined  pSSRNAi  and  K-RASvl2-expressing  HBEC3  cells 
was  significantly  higher  than  that  of  HBEC3  cells  with  either  p53 
knockdown  (P  <  0.01)  or  mutant  K-KA$V12  (P  <  0.01)  alone  (Fig,  1C 
and  D\  We  conclude  from  these  studies  that  introduction  of  these 
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Table  2.  Soft  agar  colony  formation  assay  for  HBEC3  cells  treated  with  gefitinib  or  eriotinib 

HSEC3 


Vector 

p53RNAi 

K-RAS VI Z 

p53RNAi  and  K-RASV12 

EGF(+) 

DMSO 

13  ±  CL47 

11  ±  16 

5,7  ±  L2 

23  ±  2.1 

Gefitinib  (1  junol/L) 

0 

0 

0 

0 

Eriotinib  (1  graoLl) 

0 

0 

0 

0 

EGF(-) 

DMSO 

0 

0 

0 

U  ±  0,94 

Gefitinib  (1  |imol/L) 

0 

0 

0 

0 

Eriotinib  (1  pmol/L) 

0 

0 

0 

0 

NOTE;  Number  of  colonies  after  14  days  ere  shown  as  average  x  5D,  HBEC3  cells  (LOGO)  were  plated  in  agar  and  treated  with  1  pmbl/L  gefinitib  or 
eriotinib  in  triplicate  12-well  platfs  for  up  to  2  weeks  in  the  presence  or  the  absence  of  EGF  and  colonics  (5CH0G  cells)  were  counted. 


genetic  changes  produced  part  of  the  malignant  phenotype, 
increased  saturation  density, 

p53  knockdown  and  K  RAS'  12  introduction  permits  anchor¬ 
age -independent  growth  and  partial  bypass  of  EGF  depen¬ 
dence,  HBEC3  cells  are  able  to  form  colonies  in  liquid  medium  but 
not  in  soft  agar  (len  they  do  not  display  anchorage -independent 
growth).  We  then  tested  the  p53  and  K-KASvl2-manipulated  var¬ 
iants  to  see  if  they  had  acquired  this  ability.  In  addition,  because 
ITBEC3  cells  express  robust  levels  of  EGFR  (Fig  44)  and  EGF  is  in 
the  K-SFM  synthetic  medium,  we  tested  the  dependence  of  colony 
formation  in  liquid  and  semisolid  medium  on  EGF.  Supplement¬ 
ation  of  EGF  dramatically  enhanced  liquid  colony  formation  in  all 
HBEC3  cells  {Fig  IE).  In  liquid  colony  formation  in  the  presence  of 
EGF,  no  significant  difference  in  the  number  of  colonies  was  seen 
between  pSSRNAi-expressing,  K-RA$%  ^-expressing,  p53RNAi  and 
K-MSV  ^-expressing,  and  vector- expressing  HBEC3  cells.  In  con¬ 
trast,  there  were  significant  differences  in  the  number  of  colonies  in 
the  absence  of  EGF  between  these  four  strains  (Fig  LF).  In  the 
absence  of  EGF,  p53RNAi-txpressing  (5,9  fold,  P  <  0.001)  and 
p53RNAi  and  K-RASvia- expressing  {6.6-fold*  P  <  0.001)  HBEC3  cells 
formed  a  markedly  increased  number  of  colonies  compared  with 
vector  control  whereas  K-RASVJ2-expressing  HBEC3  cells  formed 
significantly  increased  (3.2-fold,  P  <  0,001)  number  of  colonies 


compared  with  vector  control  (in  all  cases  here  and  below  using 
one-way  AN OVA  with  Bonferrom's  post  hoc  test;  Fig  1 F%  In  the 
presence  of  EGF,  p53RNAi-expressing  K-RASV1 ‘-expressing,  and 
p53RNAi  and  K-RAS  v  ^-expressing  HBEC3  cells  formed^  signifi¬ 
cantly  increased  number  of  soft  agar  colonies  compared  with 
vector  control  7.3-fold  (P  <  0.001),  6,7-fold  (P  <  0.001),  and  165-fold 
{P  <  0.00 1),  respectively,  whereas  in  the  absence  of  EGF,  p53 
RNAi  and  p53RNAi  and  K-EASVl*-expressing  HBEC3  cells  formed 
very  few  colonies  (Fig  4 C).  We  conclude  from  these  studies 
that  introduction  of  these  genetic  changes  led  to  anchorage- 
independent  growth  and  both  oncogenic  K-RAS  or  p53  knockdown 
led  to  partial  bypass  of  dependence  on  EGF,  However,  the  cells  still 
remain  dependent  on  EGF  signaling  to  express  this  anchorage- 
independent  growth  although  an  unexpected  finding  was  the 
ability  of  p53  knockdown  to  partially  alleviate  this  EGF  depen¬ 
dence 

p53  knockdown  and  expression  of  mutant  K-RAS  V12  does 
not  give  a  full  malignant  phenotype.  In  tumorigcnicity  assays, 
none  of  HBEG3  derivatives  formed  s.c.  tumors  in  nude  mice. 
Because  Matrigel  (BD  Biosdencc)  accelerates  tumor  growth  vi-hen 
coinjected  with  cells  in  athymic  mice  (24)„  we  injected  HBEC3  cells 
expressing  p53  RNAi  and  K-RASVl2  together  with  Matrigel,  How¬ 
ever,  even  with  Matrigel  the  HBEC3  cells  expressing  p53  RNAi  and 


Table  3,  Effect  of  gefitinib  and  eriotinib  on  cell  cycle  progression  in  HBEC3  ceils 


Nontreated  (DMSO) 

Gentinih/edotinib 

Qi 

S 

Gi-M 

G, 

S 

Gj-M 

Vector 

45.4  ±  0.2 

273  ±  6J0 

28.7  ±  3.9 

76.6  ±  56* 

2S  ±  QS1 

28.0  ±  2.0 

pSSRNAl 

41.4  ±  Z9 

276  ±  37 

31.0  ±  45 

69.5  ±  0,2* 

7.4  ±  23* 

27,0  ±  3.4 

K-RASVU 

495  ±  6 3 

31.7  ±  10.6 

173  ±  12,2 

Sl.4  ±  4.6* 

7.7  ±  2,4 

16,6  ±  23 

P53RNA1  and  K-RASV“ 

12,9  ±  33 

113  ±  6.2 

73.7  ±  3,5 

25.6  ±  4.g* 

53  ±  12 

70S  ±  3.7 

NOTE:  Data  arc  percentages  (mean  ±  SDK  Averaged  values  of  three  independent  experiments  are  shown.  Watson  Pragmatic  algorithm  was  used  to 
calculate  each  cell  cycle  distribution.  Because  the  algorithm  contains  approximations,  the  total  of  each  distribution  is  not  exactly  100%. 

*P  <  0.01  in  comparison  with  the  respective  control, 
iP  *  0.05  in  comparison  with  the  respective  control 
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K-RASVi:  did  not  form  tumors.  In  contrast  tests  of  5  x  106  NSCLC, 
NCFH35S,  NC1-H441,  and  NC1-H1299  cells  reproductjvely  formed 
progressively  growing  nude  mouse  xenograft  tumors  in  the  37-  to 
9G*day  observation  period  (Table  1).  We  conclude  from  these 
studies  that  even  with  these  gain-of-function  and  loss-of-funetion 
manipulations,  a  full  malignant  phenotype  is  not  achieved  (in  vivo 
tumor  formation). 

Oncogenic  manipulation  leads  to  an  invasive  phenotype  in  a 
three-dimensional  organotypic  culture  assay.  To  evaluate  the 
effect  of  oncogenic  manipulation  in  HBEC3s  on  their  ability  to 
differentiate  and  to  invade,  we  did  three-dimensional  organotypic 
culture  HBEC3  cells  only  expressing  hTERT  and  Cdkl  cdis  formed 
a  confluent  layer  of  cells  on  the  upper  surface  of  a  fibroblast  and 
collagen  gel  under  layer  and  developed  both  ciliated  (Fig  2d)  and 
mucous-producing  ceil  types.  In  stark  contrast,  the  cells  expressing 
hTERT,  Cdk4,  fC-RASV12,  and  p53  RNAi  showed  histologic  change 
similar  to  metaplasia/dysplasia  and  they  invaded  into  the  fibroblast 
and  collagen  get  similar  to  cancer  cells  invading  into  the 
submucosal  layer  (Fig.  23  and  C).  We  conclude  from  these  studies 
that  p53  knockdown  and  K-RA$Vl'  are  additive  in  malignant 
transformation  leading  to  the  development  of  anchorage-indepen¬ 
dent  growth  and  the  ability  to  invade  in  a  three-dimensional 
culture  system. 

Gefitinib  and  erlotinib  inhibit  proliferation  and  colony 
formation  of  HBEC3  cells  by  inducing  G*  cell  cycle  arrest.  The 
dependency  of  HREC3  cell  on  EGF  signaling  prompted  us  to 
investigate  the  effect  of  tyrosine  kinase  inhibitors,  gefitinib  and 
erlotinib,  on  cell  proliferation  in  mass  culture  and  colony  formation 
of  these  cells.  Both  gefitinib  and  erlotinib  at  1  pmolAL  completely 
inhibited  the  mass  culture  proliferation  of  all  HBEC3  cells  both  in 
the  presence  and  the  absence  of  EGF  (data  not  shown).  Gefitinib  or 
erlotinib  at  1  prnol/L  also  completely  inhibited  both  anchorage- 
dependent  and  anchorage-independent  colony  formation  in  all 
KBEC3  cells  (Fig.  3Ai  Table  2\  Thus,  although  oncogenic  mani¬ 
pulation  partially  relieved  EGF  dependence,  EGF  tyrosine  kinase 
inhibitors  remain  potent  inhibitors  of  HBEC  growth.  To  investigate 
the  mechanisms  of  this  growth  inhibition  by  tyrosine  kinase 
inhibitors,  we  did  apoptosis  and  cell  cyde  analyses.  Western  blot 
for  PARP  cleavage,  an  indicator  of  casp&se-mediated  apoptosis, 
showed  that  cleaved  89  kDa  fragment  was  not  detected  in  any 
of  HEEC3  cells  treated  with  tyrosine  kinase  inhibitors  but  was 
significantly  increased  in  HCC827  EGFR  mutant  cells  after  the 
treatment  with  tyrosine  kinase  inhibitors  for  4 8  hours  (Fig  35).  Cell 
cyde  analysis  also  did  not  show  sub“Gt  DNA  fractions  indicative  of 
apoptosis  in  HBEC3  cells  treated  with  tyrosine  kinase  inhibitors. 
Instead,  the  cell  cycle  analysis  showed  increase  in  the  fraction  of 
cells  in  phase  in  all  the  HBEC3  cells  treated  with  either  of  the 
drugs,  with  reduction  of  S-phase  cells  (Fig  3C;  Table  3).  These 
results  suggest  that  growth  inhibition  for  HBEC3  cells  by  tyrosine 
kmase  inhibitors  is  mainly  caused  by  Gi  tell  cycle  arrest  and  not 
apoptosis.  Comparing  the  results  of  fluorescence-activated  cell 
sorting  (FACS)  analysis  for  the  control  cells  treated  with  DMSO, 
we  found  that  the  combined  HBEC3  p53  knockdown  and  mutant 
K-RAS  cells  showed  a  significantly  increase  In  G2-M  phase  cells 
compared  with  either  manipulation  alone,  suggesting  dramatic 
cell  cyde  deregulation  results  from  this  oncogenic  combination 
(Fig.  3 C;  Table  3). 

Effect  of  K-RASV 12  and  EGF  supplementation  on  expression 
of  phospho-EGFR,  phospho-MEK,  phospho-ERK*  and  phos- 
pho-AkL  We  measured  the  expression  of  phosphoryiated  and 
total  EGFR.  mitogen -activated  protein  kinases  (MAPK),  and  Akt 


proteins  in  the  HBEC3  cells  in  the  presence  and  absence  of  EGF. 
Addition  of  EGF  resulted  in  massive  induction  of  phospho-EGFR, 
a  slight  induction  of  phospho-ERK.  and  a  modest  induction  of 
phospho-AktThr3De  in  all  HBEC3  cells  (Fig,  4 A).  In  the  absence  of 
EGF,  two  Lmmimoreactive  phospho-MEKl/2  bands  wTere  detected 
whereas  die  faster  migrating  band  was  not  detected  in  the 
presence  of  EGF,  representing  a  shift  to  the  hyper  phosphorylaLed 
form  (Fig.  4A).  Surprisingly,  introduction  of  K-RASV12  did  not 
show  a  significant  effect  on  phosphorylation  of  MAPKs  in  the 
presence  or  absence  of  EGF  but  led  to  a  slight  increased 
phosph o- AktThr3°*  in  the  absence  of  EGF  (Fig.  4A).  Also, 
surprisingly,  both  phospho-MEKl/2  and  phospho-ERK  were 
down-regulated  in  p53RNAi  and  K-RASV 13 -expressing  HBEC3 
cells  compared  with  the  other  three  cell  lines  in  the  absence  of 
EGF  (Fig.  Ml 

Tyrosine  kinase  domain  mutant  EGFRs  enhanced  anchor¬ 
age-independent  growth  of  HBEC3  cells,  EGFR  with  mutations 
in  the  tyrosine  kinase  domain  have  been  discovered  in  lung  cancers 
predominantly  arising  in  never  smokers  (25).  These  mutant  EGFRs 
are  suspected  as  having  oncogenic  properties.  To  determine  if 
mutant  EGFRs  commonly  found  in  lung  cancer  (E746-A750,  L858R) 
have  oncogenic  ability,  we  evaluated  the  tumorigenicity  of  wiJd- 
type  and  mutant  EGFR  transfected  HBEC3s  by  soft  agar  colony 
formation  assays.  In  the  absence  of  EGF*  E746-A750  del  expressing 
HBEC3  cells  formed  significantly  increased  number  of  colonies 
compared  with  wild  type- expressing  cells  in  both  p53  wild-type 
(P  <  0.001  by  Mann-Whitney  V  test)  and  p53  knocked  down  cells 
<  0.0 1  by  Mann-Whitney  V  test),  whereas  LS5SR  mutant¬ 
expressing  HBEC3  cells  increased  the  number  of  colonies  only 
in  p53  knocked  down  cells  (P  <  0.001  by  Mann-Whitney  U  test; 
Fig  4 Cl  In  contrast  to  p53  RNAi  and  mutant  K-RAS-expressmg 
HBEC3s  that  formed  very  few  number  of  colonies  (Z7  ±  Z0 
of  1,000)  in  the  absence  of  EGF,  the  E746-A750  del  mutant  trans- 
fectants  formed  substantial  number  of  colonies  even  in  the  absence 
of  EGF  (Fig  4C),  suggesting  that  E746-A750  del  mutant  reduced  the 
EGF  dependence  of  HBEC3$  in  terms  of  anchorage -independent 
growth.  Of  interest,  the  LS58R  mutant  only  showed  this 
independence  when  p53  was  removed  by  knockdown  (Fig  4C). 
Again,  in  these  p53  knocked  down  HB£C3s  carrying  a  control 
vector  (used  for  EGFR  introduction),  the  cells  remained  dependent 
on  EGF  for  soft  agar  growth.  These  results  indicate  that  both  types 
of  mutant  EGFRs  possess  oncogenic  properties  compared  with 
wild -type  EGFR.  They  also  provide  functional  differences  between 
the  deletion  and  missense  EGFR  mutants,  including  differences  in 
p53  interaction.  We  also  did  nude  mice  injection  assays  for  p53 
knocked  down  HBEC3s  carrying  LS5SR  mutant,  which  formed  the 
most  number  of  colonies  in  the  absence  of  EGF  (Fig  4C).  Howe  ver, 
they  did  not  form  tumor  in  nude  mice  (Table  1 ), 

Introduction  of  both  wild-type  and  mutant  EGFR  into 
HBECSs  resulted  In  constitutive  activation  of  EGFR.  Phosphor- 
Ration  level  of  EGFR  was  evaluated  by  Western  blotting  with  four 
(YS45,  Y99Z  Y104S,  and  Y1068)  phosphorylation-specific  anti¬ 
bodies.  To  reduce  the  background  for  Western  blotting  cells  were 
first  starved  in  the  medium  without  bovine  pituitary  extract  and 
EGF  for  24  hours  before  harvest  In  the  absence  of  exogenous  EGF, 
we  found  EGFR  mutants  and  wild- type  EGFR  to  exhibit  induced 
levels  of  phosphorylated  EGFR,  suggesting  the  existence  of 
autocrine  ligands  stimulating  EGFR  (Fig  45),  In  p53  wild-type 
cells,  wild-type  EGFR  showed  phosphorylation  of  Y&45,  Y992,  and 
YI06S  to  a  lesser  extent  than  when  mutant  EGFRs  were  present 
(Fig.  45).  In  contrast,  in  p53  knocked  down  cells,  such  a  difference 
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Figure  4  Continued  0,  ittic/oarray  analysts  and  red-time  PCR 
validation  tor  DUSP&MKP-3  gene,  Columns t  told  changes  of  the 
mRNA  levels  of  DUSP&MKP-S  gene  relative  to  those  of  GAPDH  gene 
In  HBEC3  ceils  transfected  with  wild-type  or  mutant  EGFR. 


was  not  seen  (Fig.  4ff),  This  result  suggests  that  the  activation  of 
wild-type  EGFR  might  be  suppressed  by  p53,  Interestingly,  the 
Y1Q45  site  was  highly  phosphorylated  in  LS5SR  transfectants  but 
not  in  E746-A750  del  Lransfectant  (Fig.  43),  indicating  that  Y1045 
is  unique  in  distinguishing  between  the  two  types  of  EGFR  mutat¬ 
ions  (Fig  43  J, 

AKT  and  5TAT3  were  phosphorylated  at  higher  level  in 
mutant  EGFRs  than  wild-type  EGFR.  The  EGFR  LSS8R  mutant 
showed  increased  level  of  phosphorated  Akt  and  STAT3  in  both 
pS3  wild -type  and  p53  knocked  down  cells,  whereas  the  EGFR 
E746-A750  del  mutant  showed  increased  level  of  phosphoryteted 
Akt  only  in  p53  blocked  down  cells  and  slightly  increased  level  of 
phosphorylated  STAT3  in  both  p53  wild-type  and  p53  knocked 
down  cells  {Fig  4 B\  By  contrast,  no  significant  difference  in 
phosphoryiated  EHK  w+as  seen  between  wild -type  and  mutant 
EGFRs  (Fig  4ff).  These  results  suggest  that  mutant  EGFRs 
selectively  transduces  signals  through  Akt  and  STATS,  which  is 
consistent  with  previously  reported  data  (26). 

DUSP6/MKP-3  gene  was  up-regulated  in  mutant  EGFR 
transfected  HBEC3  cells.  Micro  array  analysis  for  HBEC3  cells 
transfected  with  wild -type  or  mutant  EGFRs  shows  that  mRNA 
of  PUSP6/MKP-3,  whose  protein  is  a  dual-specificity  phosphatase 
that  dephospborylate  the  active  form  of  ERK  (27,  25)*  Is  signifi¬ 
cantly  up- regulated  in  mutant  EGFR  transfectants  compared  with 
wild -type  and  vector- transfected  cells  (Fig  4D).  Real-time  PCR 
analysis  for  DUSP6/MKP-3  also  showed  this  result  (Fig  4 D). 

Discussion 

Wb  have  taken  HBECs  immortalized  using  overexpression  of  Cdk4 
(to  circumvent  pl6-mediated  cell  culture  growth  arrest)  and  hTERT 
(to  prevent  telomere  erosion)  and  genetically  manipulated  them  by 
stably  knocking  down  p53,  expressing  oncogenic  K-RA$vla  and 
mutant  EGFR,  alone  or  in  combination.  The  results  show  that  these 
additional  genetic  changes,  commonly  found  in  human  lung  cancer. 


progress  the  HREC3  cells  part,  but  not  all  of  the  way  toward 
malignancy.  The  human  cells  exhibit  higher  saturation  density* 
anchorage-independent  growth*  invade  in  an  organotypic  culture 
assay  but  do  not  form  tumors  in  mouse  xenografts.  Although*  in 
general,  the  cells  remain  dependent  on  EGF,  p53  knockdown  and 
mutant  EGFR  reduce  this  EGF  dependence.  In  addidoa  their  growth 
and  ability  to  form  colonies  in  liquid  and  semisolid  medium  is 
dramatically  reduced  by  EGFR-directed  tyrosine  kinase  inhibitors. 
These  studies  indicate  that  more  than  four  genetic  alterations  are 
required  for  the  full  cancer  transformation  of  HBECs, 

Several  studies  have  reported  that  introduction  of  oncogenes* 
such  as  K-RAS  or  HRAS  and  c-myc*  result  in  malignant 
transformation  of  HBECs  (29-31).  However*  until  the  present 
study*  there  has  not  been  immortalized  cell  lines  with  wild-t>pe 
p53  function.  (Prior  studies  were  done  with  viral  oncoprotein 
immortalized  cells  abrogating  p53  function;  refs,  1 1,  12,  29*  30*  32.) 
In  the  present  study  we  have  shown  that  >90%  inhibition  of 
p53  protein  in  immortalized  HBECs  enhances  the  clonal  and  soft 
agar  colony  formation  and  results  in  partial  loss  of  contact 
inhibition,  Indicating  that  loss  of  p53  function  contributes 
importantly  to  the  malignant  progression  of  HBECs,  In  addition* 
the  combination  of  p53  knockdown  and  oncogenic  K-RASvia 
enhanced  these  changes  further*  suggesting  these  two  genetic 
alterations  have  additive  effects  on  turn  origeni  city*  Taken  together* 
these  results  show  that  this  model  system  provides  a  powerfid  new 
approach  to  assess  the  contribution  of  individual  genetic 
alterations  in  HBECs  in  the  malignant  process. 

RA5  was  first  identified  as  an  oncogene  by  virtue  of  its  ability  to 
overcome  cell-to-cell  contact  inhibition  of  proliferation  and  this 
ability  has  been  well  documented  in  many  types  of  cells  (33,  34),  In 
the  present  study*  not  only  oncogenic  K-RASV12  but  also  p53 
knockdown  resulted  in  partial  loss  of  contact  inhibition  and  the 
combination  of  them  enhanced  this  ability  Recently.  Moerson  et  at 
(35)  reported  results  consistent  with  this  finding.  They  showed  that 
p53  knockdown  in  WI3S  human  embryonic  lung  fibroblasts 
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reduced  density-dependent  inhibition  of  growth  by  abolishing  GA 
phase  arrest.  Although  density-dependent  inhibition  of  growth  is  a 
complex  phenomenon  and  its  precise  mechanism  is  not  well 
understood,  this  phenomenon  is  thought  to  be  indicative  of  tumor- 
igenic  potential  Thus,  their  results  and  ours  suggest  that  p53  may 
function  as  a  tumor  suppressor  even  when  the  cells  are  not  under 
stresses,  such  as  genotoxic  damage  and  irradiation.  Recently,  other 
studies  also  reported  that  p53  Junction  is  involved  in  regulating  cell 
motility  and  adhesion  (36,  37). 

Jt  is  unclear  how  the  mutant  K-KAS  transfected  HBECs 
preferen dally  express  the  mutant  compared  with  wild- type  A-/L4S 
allele.  These  cells  express  mutant  K-RAS  mRNA  predominantly 
without  changing  the  total  K-RAS  protein  levels,  suggesting  that 
wild -type  K-RAS  expression  is  suppressed  at  the  transcriptional 
level  in  these  cells.  The  mechanism  of  transcriptional  regulation  of 
K-RAS  has  not  been  fully  elucidated  and  we  are  unable  to  explain 
the  mechanism  of  this  observation.  However,  the  hypothesis  that 
oncogenic  RAS  inhibits  the  transcription  of  wild-type  RAS  is 
compatible  with  our  observations.  Because  the  tumor  suppressor 
function  of  wild -type  K-RAS  has  been  shown  in  mice,  one 
possibility  is  that  mutant  RAS  exerts  its  oncogenic  ability  in  pan 
by  suppressing  the  expression  of  wild-type  RAS.  This  hypothetical 
function  of  oncogenic  RAS  seems  very  attractive  in  terms  of  better 
understanding  the  mechanism  of  oncogenic  RAS.  and  thus  it  will  be 
of  interest  to  further  investigate  these  findings. 

Previous  studies  have  found  high  levels  of  EGFR  expression  in 
both  immortalized  and  non  immortalized  HBECs  (38).  EGF 
supplementation  also  results  in  a  slight  increase  of  growth  rate 
at  normal  cell  density  in  TiBECs  (38),  Several  studies  have  shown 
the  existence  of  an  EGFR  autocrine  loop  involving  EGF,  trans¬ 
forming  growth  factor- a,  and  amphuegulin  in  HBECs  (39,  40).  In 
addition,  tobacco  smoke  induces  proliferation  of  primary  HBEC 
through  an  EGFR  autocrine  loop  mediated  by  tumor  necrosis 
factor- a  ^converting  enzyme  and  amphiregulin,  suggesting  tobacco 
smoke  induction  of  the  EGFR  autocrine  loop  in  lung  cancer 
pathogenesis  (41).  In  the  present  stud);  we  found  that  HBEC3  cells 
expressed  high  level  of  EGFR  that  was  stimulated  to  phospho-EGFR 
with  EGF  whereas  their  colony- forming  ability  in  both  liquid  and 
soft  agar  was  highly  dependent  on  EGF  supplementation.  Signal 
transduction  studies  in  HBEC3  cells  suggest  that  this  may  in  part 
be  due  to  the  up-regulation  of  the  Akt  pathway.  With  p53 
knockdown  and  K-RAS  oncogenic  manipulation,  the  EGF  depen¬ 
dence  was  partially  relieved,  suggesting  the  potential  for  autocrine 
growth  factor  production.  Thus,  previous  studies  and  our  results 
suggest  that  EGF  autocrine  loop  may  play  an  important  role  in  ceil 
proliferation  and  tumoiigenic  progression  of  HBECs. 

Gehtimb  (Iressa)  and  criotimb  (Tarceva)  axe  orally  available 
tyrosine  kinase  inhibitors  that  target  EGFR  {42-45).  Gefitinib  has 
been  approved  as  a  third-line  therapy  for  NSCLC  patients.  Erlotinib 
has  been  shown  to  be  active  and  well  tolerated  in  patients  with 
NSCIC,  providing  survival  benefit  (46),  Although  these  drugs  are 
being  developed  as  anticancer  drugs,  recent  studies  have  shown 
that  gefitinib  inhibits  cell  proliferation  in  immortalized  normal  or 
precancer ous  breast  cells,  supporting  its  role  as  a  chemopreventive 
agent  (47).  Because  we  found  robust  expression  of  EGFR  in  HBEC3 
cells  and  their  high  dependency  of  growth  on  EGF,  we  considered 
the  possibility  that  tyrosine  kinase  inhibitors  are  also  effective  in 
oncogenically  manipulated  HBECS  cells.  We  observed  that  1  gmoi/L 
gefitinib  or  erlotinib  dramatically  inhibited  both  anchorage- 
dependent  and  anchorage- independent  cell  growth  of  HBECS  cells. 
Apoptosis  and  cell  cycle  analyses  showed  that  this  inhibition 


was  caused  mainly  by  not  apoptosis  but  Gy  cell  cycle  arrest,  which 
is  consistent  with  previous  papers  reporting  that  gefitinib  and 
erlotinib  induce  GA  ceil  cycle  arrest  in  several  types  of  cells  (4S-52). 
These  results  provide  part  of  a  precUnical  rationale  For  the  deve* 
lopment  of  these  drugs  for  the  prevention  of  human  lung  cancer. 
It  is  important  to  point  out  that  the  concentrations  used  in  the 
present  studies  are  actually  achieved  in  patients  with  current 
standard  drug  practices  (53. 54),  In  addition,  interestingly,  we  found 
that  G2-.M  fraction  significantly  increase  with  the  combination  of 
p53  knock  down  and  mutant  K-RAS  cells  compared  with  either 
oncogenic  manipulation  alone  We  speculate  that  in  the  presence 
of  intact  p53  function,  cell  cycle  progression  induced  by  mutant 
K-RAS  in  HBECs  is  suppressed  by  the  ability  of  p53  to  induce  GA 
arrest*  whereas  in  the  absence  of  p53,  mutant  K-RAS  exerts  its 
ability  to  progress  the  cell  cycle  from  Gj  to  S  phases,  resulting  in 
significantly  increased  GrM  phase  fraction.  Consistent  with  this 
hypothesis,  one  paper  showed  that  ectopic  expression  of  mutant 
N-RAS  impaired  the  Gy  and  G2  cell  cycle  arrest  only  in  p 53- 
defective  cells  (55).  In  addition,  it  will  be  interesting  to  see  whether 
similar  types  of  cell  cycle  deregulation  are  also  found  when  mutant 
EGFR  Is  combined  with  loss  of  p53  function  in  these  cells. 

Introduction  of  tyrosine  kinase  domain  EGFR  mutants  enhanced 
anchorage-independent  growth  of  HBEC3s,  providing  evidence  of 
their  oncogenic  properties.  In  addition,  signal  transduction  analysis 
showed  that  they  stimulated  Aid:  and  STAT3  but  not  Erkl/Erk2 
signals,  consistent  with  previously  reported  results  (26).  Our 
discovery-  of  DUSP6/MKP-3  mRNA  up -regulation  in  mutant  F.GFR 
transfectants  prorides  an  explanation  for  this.  Because  DU5P6/ 
MKP-3  protein  is  a  duaLspecificity  phosphatase  that  dephosphor* 
ylates  the  active  form  of  ERK  (27,  28),  it  is  possible  that  Erkl/Erk2 
phosphorylation  in  EGFR  mutant  cells  is  do ™- regulated  by  DU5P6/ 
MKP-3,  In  addition,  the  findings  that  Akt  and  STAT3  were  not  highly 
phosphorylated  in  HBECs  that  showed  robust  level  of  phosph  ory- 
lated  EGFR  suggests  that  a  negative  feedback  regulatory  pathway 
may  be  activated  for  Akt  and  STAT3  as  weR  and  that  the  mutant 
EGFRs  bypass  this  regulation, 

.Although  p53  knockdown.  K*RA S^11,  and  mutant  EGFR  progress 
HBEC3  cells  toward  malignancy,  the  manipulated  cells  are  not  fully 
malign  ant  What  additional  genetic  alterations  are  required  for  fun 
malignant  transformation  in  HBEC3  cells?  For  this  question,  there 
may  be  a  due  from  recent  work  of  Hahn  et  aL,  who  showed  that 
defined  genetic  alterations,  in du ding  the  early  region  of  the  SV40 
genome,  the  hTERT gene,  and  an  oncogenic  allele  of  H-ras,  resulted 
in  malignant  transformation  in  human  embryonic  epithelial  and 
fibroblast  cells  (56).  By  precisely  analyzing  the  early  region  of  SV40, 
they  haw  shown  that  small  T  antigen,  which  is  transcribed  from 
the  early  region  together  with  large  T  antigen,  may  play  an 
important  role  in  carcinogenesis.  Small  T  antigen  has  been  shown 
to  bind  and  to  target  phosphatase  2A  (PP2A),  which  regulates  the 
RAS/MAPK  cascade.  Our  unpublished  studies  have  shown  no 
mutation  but  frequent  loss  of  PP2A  expression  in  lung  cancer, 
raising  the  possibility  that  PP2A  is  involved  in  lung  carcinogenesis. 
Thus,  a  next  step  would  be  to  inactivate  PP2A  in  HBEC3  cells  in 
addition  to  p53  knockdown  and  K-RAS v  ia.  It  will  also  be  of  interest 
to  introduce  other  genetic  alterations  observed  in  lung  cancer, 
such  as  MYC  family  overexpression,  FHTF  inactivation,  RASSFIA 
inactivation,  and  PTEN  inactivation.  Although  we  used  a  previously 
reported  target  sequence  for  p53  knockdown,  which  has  also  been 
used  in  several  papers  (17, 18, 57)  and  lias  no  other  BLAST  hits,  we 
are  unable  to  completely  exdude  the  possibility  that  off-target 
effects  might  affect  our  phenotypic  analysis. 
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Jn  conclusion,  we  have  shown  Lhat  using  the  immortalized  HBEC 
model,  p53  knockdown,  K-RASV  i2,  and  mutant  EGFR  in  the  presence 
of  p!6  bypass  and  human  telomerase  contribute  to  lung  cancer 
tumorigenesis,  but  additional  genetic  alterations  are  required  for  fill] 
malignant  transformation  of  HBECs.  In  addition,  we  note  that  p53 
knockdown  relaxes  the  dependence  on  EGF  in  the  presence  of  both 
wild- type  and  mutated  EGFR*  However,  these  oncogen! cally 
manipulated  HBEC  cells  remain  highly  dependent  on  EGFR 
signaling  for  expression  of  key  portion  of  the  malignant  phenotype. 
This  dependence  along  with  activated  EGFR  in  bronchial  preneo¬ 


plasia  suggests  the  use  of  EGFR  inhibition  by  tyrosine  kinase 
inhibitors  as  chemopre  vent  ion  agents  for  lung  cancer. 
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Dimethyl-cel  ecoxib,  a  derivative  of  the  COX-2  inhibitor  celecoxib  that  lacks  COX-2 
inhibitory  activity,  sensitizes  human  lung  cancer  cells  to  tumor  necrosis  facto r- 
reiated  apoptosis-inducing  ligand  (TRAIL)  through  induction  of  DR5  and 
downregulation  of  c-FLIP.  Shuzhen  Chen.1  Xiangguo  Liu,1  Ping  Yue,1  Axel  H. 
Schonthal,1  Fadlo  R.  Khuri,1  and  Shi-Yong  Sun.1  1  Winship  Cancer  Institute,  Emory 
University  School  of  Medicine,  Atlanta,  Georgia  and 2  University  of  Southern  California, 
Los  Angeles,  California. 

The  cyclooxygenase-2  (COX-2)  inhibitor,  celecoxib,  exhibits  anti  cancer  activity  in 
both  preclinical  studies  and  clinical  practice.  However,  celecoxib  has  relatively  weak 
apoptosis-inducing  activity  and  modest  cancer  therapeutic  efficacy.  Therefore,  efforts 
have  been  made  to  develop  derivatives  of  celecoxib  with  superior  anticancer  activity. 
Dimethyl-celecoxib  (DMC)  is  just  such  a  derivative  which  lacks  COX-2-inhibitory 
activity.  Several  preclinical  studies  have  demonstrated  that  DMC  has  better  apoptosis- 
inducing  activity  than  celecoxib  albeit  with  undefined  mechanisms  and  exhibits 
anticancer  activity  in  animal  models.  In  this  study,  we  examined  the  effects  of  DMC  on 
the  growth  of  human  lung  cancer  cells  as  well  as  its  cooperative  effect  with  tumor 
necrosis  factor-related  apoptosis-inducing  ligand  (TRAIL)  on  induction  of  apoptosis  and 
the  underlying  mechanisms.  By  comparing  the  effects  of  DMC  and  celecoxib  on  the 
growth  of  a  group  of  human  lung  cancer  cell  lines,  we  found  that  DMC  decreased  cell 
survival  with  ICjjs  ranging  from  1 0  pM  to  20  jiM,  whereas  celecoxib  did  so  with  ICjoS 
ranging  between  20  and  30  pM,  indicating  that  DMC  is  more  effective  than  celecoxib  in 
decreasing  the  survival  of  lung  cancer  cells.  When  cells  were  treated  with  the 
combination  of  DMC  and  TRAIL,  enhanced  or  synergistic  effects  in  reduction  of  cell 
survival  and  induction  of  apoptosis  including  activation  of  caspases  were  observed  in 
comparison  with  the  effects  in  cells  exposed  to  each  agent  alone.  To  understand  the 
mechanisms  underlying  this  synergy,  we  also  analyzed  the  effects  of  DMC  on 
modulation  of  several  apoptosis-related  genes.  We  found  that  DMC  rapidly  increased 
DR5  levels  and  reduced  c-FLIP  (both  FLIPl  and  FLIP$)  levels  starting  from  2  h  post 
treatment  while  having  limited  effects  on  modulating  the  levels  of  other  proteins 
including  DR4,  Bcl2,  Bc1-Xl  and  Bax.  Importantly,  enforced  expression  of  FLIPl  or 
silencing  of  DR5  expression  using  DR5  small  interfering  RNA  (siRNA)  abrogated  the 
enhanced  effects  on  induction  of  apoptosis  by  the  combination  of  DMC  and  TRAIL, 
indicating  that  both  DR5  upregulation  and  c-FLIP  reduction  contribute  to  cooperative 
induction  of  apoptosis  by  the  combination  of  DMC  and  TRAIL.  Collectively,  we 
conclude  that  DMC  sensitizes  TRAIL- induced  apoptosis  in  human  lung  cancer  cells  via 
induction  of  DR5  and  downregulation  of  c-FLIP.  (Supported  by  GCC  Distinguished 
Cancer  Scholar  award  and  DOD  grant  W81XWH-G4-1-01 42-VITAL) 


c-Jun  N-terminal  kinase  (JNK)-mdependent  c-FLIP  down  regulation  contributes  to 
induction  of  apoptosis  by  tbe  novel  synthetic  triterpenoid  mcthyl-2-eyano-3,  12- 
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The  novel  synthetic  triterpenoid  methyl -2-cyano-3,  12-dioxooleana-l,  9-dien-28-oate 
(CDDO-Me)  induces  apoptosis  of  cancer  cells,  enhances  tumor  necrosis  factor- related 
apoptosis- inducing  ligand  (TRAIL)-induced  apoptosis,  and  exhibits  potent  anti  cancer 
activity  in  animal  models  with  a  favorable  pharmacokinetic  profile.  Thus,  CDDO-Me  is 
being  tested  in  Phase  I  clinical  trials.  In  an  effort  to  understand  the  mechanism  by  which 
CDDO-Me  induces  apoptosis,  particularly  in  human  lung  cancer  cells,  we  previously 
demonstrated  that  CDDO-Me  induces  apoptosis  in  human  lung  cancer  cells  involving  c- 
Jun  N -terminal  kinase  (JNK)-dependent  upregulation  of  death  receptor  5  (DR5) 
expression.  In  the  current  work,  we  further  show  that  CDDO-Me  downregulates  the 
levels  of  c-FLIP,  a  major  inhibitor  of  death  receptor-mediated  caspase-8  activation, 
which  contributes  to  induction  of  apoptosis  by  CDDO-Me  in  human  lung  cancer  cells. 
CDDO-Me  rapidly  and  potently  decreased  c-FLIP  levels  including  both  long  (FL1Pl)  and 
short  (FLIPs)  forms  of  c-FLIP  in  multiple  human  lung  cancer  cell  lines.  The  presence  of 
the  proteasome  inhibitor  MG  132,  but  not  the  JNK  inhibitor  SP600125  or  JNK  siRNA, 
prevented  CDDO-Me-induced  c-FLIP  reduction.  Thus,  CDDO-Me  induces  proteasome- 
dependent  c-FLIP  degradation  independently  of  INK  activation.  Importantly, 
overexpression  of  c-FLIP  (e.g.,  FLIPl)  in  both  A549  and  HI  57  cell  lines  protected  cells 
from  CDDO-Me-induced  apoptosis,  indicating  that  c-FLIP  downregulation  is  involved  in 
CDDO-Me-initiated  apoptosis.  Given  our  previous  finding  that  CDDO-Me  induces 
apoptosis  involving  DR5  upregulation,  we  collectively  conclude  that  the  activation  of  the 
extrinsic  apoptotic  pathway  via  DR5  induction  and  c-FLIP  downregulation  plays  a 
pivotal  role  in  CDDO-Me-induced  apoptosis  in  human  lung  cancer  cells.  (Supported  by 
GCC  Distinguished  Cancer  Scholar  award  and  DOD  grant  W81XWH-04-1-0142- 
VITAL) 
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Existence  of  clonal  and  subclonal  outgrowths  in  the  bronchial  epithelium  and 
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The  identification  of  individuals  at  high  risk  for  lung  cancer  is  critical  for  individualized 
clinical  management  and  is  important  for  the  identification  of  suitable  subjects  for 
chemoprevention  trials.  Using  chromosome  in  situ  hybridization  (CISH)  technology,  we 
previously  demonstrated  the  presence  of  chromosomal  instability  and  multifocal 
cl  on  al/sub  clonal  outgrowths  in  the  bronchial  epithelium  of  current  and  former  smokers. 
We  also  verified  the  presence  of  these  clonal/subclonal  outgrowths  in  normal-appearing 
bronchial  epithelium  in  lung  cancer  resections  using  fluorescence  inter-simple  sequence 
repeat  PCR  (FISSR-PCR)  analysis,  a  DNA  fingerprinting  methodology.  To  evaluate  and 
compare  FISSR-PCR  and  CISH  technologies  for  accessing  genetic  instability  and 
clonal/subclonal  outgrowth,  we  subjected  frozen  bronchial  biopsies  obtained  prior  to 
entry  onto  a  chemoprevention  trial  to  FISSR-PCR  analysis  from  sixteen  (16)  current 
smokers  without  lung  cancer.  The  group  of  biopsies  from  these  same  individuals  have 
previously  been  analyzed  by  CISH  and  exhibited  a  wide  range  of  chromosomal  changes. 
Multiple  regions  (i.c.,  1-4  areas  each)  of  bronchial  epithelium  and  stroma  were 
microdissected,  and  purified  genomic  DNA  was  analyzed  by  FISSR-PCR  using  three  sets 
of  primers  ((CA)gRG,  (CA)gRY,  and  (AGC)4Y),  providing  a  maximum  of  350 
informative  DNA  bands  of  varying  lengths.  Overall,  we  detected  from  0  to  55  total  band 
changes  per  microdissected  epithelial  region  (median  =  1 .6  per  1 00  DNA  bands). 
Different  regions  within  the  same  bronchial  biopsies  showed  both  common  and  distinct 
DNA  band  changes,  suggesting  subclonal  variations  even  within  a  single  biopsy.  We  also 
detected  from  0-20  total  band  changes  per  microdissected  stromal  region  (median  =  1 .0 
per  100  DNA  bands),  suggesting  the  presence  of  clonal  outgrowths  even  in  the  stroma. 
Interestingly,  bronchial  biopsies  with  high  clonal  frequencies  showed  increased  clonal 


change  in  the  associated  stroma  (p  =0.04,  two-tailed  chi  square).  Importantly,  bronchial 
biopsies  from  individuals  showing  high  clonal  changes  by  FISSR-PCR  also  showed 
evidence  of  high  clonal  change  by  CISH  (R2  =  0.3).  These  results  confirm  the  existence 
of  clonal/subclonal  outgrowths  in  both  the  bronchial  epithelium  and  stroma  of  smokers. 
With  future  improvements  in  microdissection,  automated  genomic  DMA  extraction,  and 
DNA  sequencing,  FISSR-PCR  has  potential  to  be  a  sensitive  method  with  high  dynamic 
range  to  detect  cional/subclonal  outgrowths  in  lung  tissue.  Such  a  methodology  may  be  of 
use  in  identifying  individuals  at  high  risk  for  developing  lung  cancer.  Supported  in  part 
by  DAMD 17-02- 1-0706,  NIH/NCI  CA-91844,  and  EDRN  NCI  CA-86390. 
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EGFR  tyrosine  kinase  (TK)  domain  mutations,  increased  gene  copy  number  and  protein 
overexpression  have  been  associated  to  lung  cancer  pathogenesis  and  correlated  with  response  to 
EGFR  TK  inhibitors  in  lung  adenocarcinoma.  However,  the  sequence  of  these  molecularly 
abnormal  events  in  the  pathogenesis  and  progression  of  lung  adenocarcinoma  is  unknown.  To 
elucidate  this  question,  we  performed  a  detailed  mapping  analysis  correlating  in  the  same  tissue 
sites  EGFR  mutation,  gene  copy  number  and  protein  immunohistochemistiy  (IHC)  expression  in 
94  formalin-fixed  tissue  sites  comprising  norma]  bronchial/bronchiolar  epithelium  (NBE;  N=22). 
primary  tumor  (PT,  N— 43)  and  metastasis  (MT;  N=29)  histologies  obtained  from  9  surgically 
resected  EGFR  mutant  (exons  19  and  21)  lung  adenocarcinomas,  EGFR  mutation  analysis  was 
performed  by  PCR  and  direct  sequencing  from  DNA  extracted  from  precisely  microdissected 
tissues.  EGFR  gene  copy  number  analysis  was  performed  using  FISH,  and  high  level  of 
polysomy  and  gene  amplification  were  considered  as  increased  copy  number.  Semi-quantitative 
IHC  expression  analysis  of  cytoplasmic  and  cell  membrane  EGFR  and  phosphoiylated  EGFR  (p- 
EGFR)  was  performed.  EGFR  mutation  was  found  in  18%  (4/22)  NBE,  91%  (39/43)  PT  and 
86%  (25/29)  MT  sites.  Low  genomic  gain  was  found  in  8  NBE  sites  (37%),  but  increased  copy 
number  was  not  detected.  Of  interest,  the  4  EGFR  mutant  NBE  sites  exhibited  normal  gene  copy 
number.  No  difference  in  the  frequency  of  EGFR  increased  copy  number  was  found  comparing' 
PT  (39/43,  93%)  and  MT  (25/29,  86%)  sites.  EGFR  mutation  frequency  (89%  vs.  41%; 
PO.OOOO)  and  mutant  to  wild-type  ratio  mean  (1.04  vs.  0.49,  F’cO.OOOIJin  the  sequencing 
chromatograms  were  significantly  higher  in  tissue  sites  with  increased  copy  number  than  areas 
with  normal  or  low  genomic  gain.  EGFR  mutation  heterogeneity,  with  two  or  more  mutant 
genotypes  in  the  same  tumor  case,  was  found  in  4  out  of  9  (44%)  PT  cases,  and  this  phenomenon 
was  not  observed  in  corresponding  MTs.  EGFR  copy  number  heterogeneity  was  more  frequent 
in  PT  than  MT;  however,  significant  copy  number  progression  from  PT  to  MT  was  not  observed. 
Although  no  correlation  was  found  between  EGFR  IHC  and  EGFR  mutation  or  copy  number 
status,  significantly  higher  levels  of  EGFR  and  p-EGFR  IHC  expression  were  detected  in  mutant 
MT  compared  to  PT  sites  (/*=  0.005  to  <0.0001).  Our  findings  indicate  that  EGFR  mutation 
precedes  genomic  gain  in  the  sequential  pathogenesis  of  lung  adenocarcinoma.  In  tumor 
specimens,  there  was  strong  correlation  between  EGFR  mutation  and  increased  copy  number. 

The  heterogeneity  ot  EGFR  mutation  and  gene  copy  number  in  primary  tumor,  but  not  in 
metastasis,  and  the  increased  expression  of  total  and  p-EGFR  IHC  in  metastasis  sites  are 
probably  associated  to  tumor  progression  and  could  have  clinical  implications  when  these 
abnormalities  are  searched  in  small  clinical  specimens.  Supported  by  grants  W81XWH0410142 
and  W81XWH0520027. 
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Abstract: 

Lung  adenocarcinomas  spontaneously  occur  in  mice  with  a  latent  K-ras  G1 2D  mutation  but  do  not 
metastasize.  Mice  carrying  a  p53  R1 72HAg  mutation  have  previously  been  shown  to  exhibit  a 
relatively  high  metastatic  rate  compared  to  p53  +/-  mice,  suggesting  a  gain-of-function  mechanism. 
Our  unpublished  results  show  that  when  K-ras  G1 2D  mice  were  crossed  with  p53  R1 72HAg  mice, 
lung  adenocarcinomas  developed  with  high  metastatic  potential,  more  closely  mimicking  the 
metastatic  nature  of  human  lung  cancer.  To  better  understand  the  underlying  driving  force  for  a  more 
aggressive  tumor  phenotype  in  the  K-ras  G12D/p53  R172I-IAg  mice,  we  compared  the  degree  of  clonal 
genetic  heterogeneity  in  normal  lung  tissue,  primary  lung  tumors,  and  metastases  between  K-ras  G12D 
mice  on  a  wild  ty  pe  p53  (n=2  mice)  versus  on  a  p53  RI  72HAg  (n=9  mice)  versus  on  a  p53  +/-  (n=2 
mice)  background.  The  relative  number  of  clonal  genetic  changes  was  determined  using  fluorescence 
inter-simple  sequence  repeat  PCR  (FISSR-PCR),  a  DNA  fingerprinting  technique  where  individual 
DNA  band  gains  or  losses  indicate  clonal  and  subclonal  changes.  Genomic  DNA  was  purified  from 
isolated  normal  lung  tissue,  primary  lung  tumor  and  metastatic  organ  sites,  was  subjected  to  FISSR- 
PCR  and  the  band  patterns  were  compared  to  that  derived  from  normal  uninvolved  tissue.  The 
frequencies  of  band  changes  were  enumerated  and  normalized  to  the  number  of  changed  bands  per  ]  00 
bands  analyzed.  In  K-ras  G12D  mice,  the  lung  adenocarcinomas  showed  slightly  increased  clonal 
change  when  compared  to  histologically  normal  adjacent  lung  tissue  in  the  same  mice  (i.e.,  1 .2  ±  0.3 
band  changes/100  bands  versus  0.9  ±  0.5  band  changes/ 100  bands,  respectively).  In  contrast,  while 
nornial  appearing  lung  tissue  from  K-ras  G12D/p53  R172HAg  mice  showed  similar  low  levels  of 
clonal  change  to  K-ras  G 1 2D  mice  (0.7  ±0.2  band  changes/ 1 00  bands),  primary  l  ung  tumors  from  K- 
ras  G12D/p53  R172HAg  mice  showed  significantly  increased  clonal  change  (3.7  ±  2.8  band 
changes/100  bands).  Strikingly,  metastatic  lesions  in  K-ras  G12D/p53  R172HAg  mice  showed  an  even 
higher  degree  of  clonal  change  (7.2  ±5.1  band  changes/ 100  bands).  These  results  show  that  the  p53 
Rl  72HAg  mutation  background  leads  to  increased  genetic  instability  and  clonal  outgrowth  in  the  lungs 
of  mice  carrying  the  K-ras  G12D  mutation,  associated  with  higher  grade  tumors  with  increased 


metastatic  potential.  Because  the  normal  appearing  lung  tissue  of  K-ras  G12D  and  K-ras  GI2D/p53 
R 1 72HAg  mice  showed  similar  low  levels  of  genetic  instability,  these  results  also  suggest  that  it  is  the 
combination  of  K-ras  and  p53  R172HAg  mutations  that  confer  enhanced  genetic  instability,  clonal 
outgrowth,  and  an  increased  rate  of  malignant  progression.  Supported  in  part  by  D  AMD  17-02- 1-0706, 
NIH/NCI CA-91844,  EDRN  NCI  CA-86390  and  DAMD1 7-01-1-0689. 
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EGFR  tyrosine  kinase  (TK)  domain  mutations,  increased  gene  copy  number  and  protein 
overexpression  have  been  associated  to  lung  cancer  pathogenesis  and  correlated  with  response  to 
EGFR  TK  inhibitors  in  lung  adenocarcinoma.  However,  the  sequence  of  these  molecular!  y 
abnormal  events  in  the  pathogenesis  and  progression  of  lung  adenocarcinoma  is  unknown.  To 
elucidate  this  question,  we  performed  a  detailed  mapping  analysis  correlating  in  the  same  tissue 
sites  EGFR  mutation,  gene  copy  number  and  protein  immunohistochemistry  (IHC)  expression  in 
94  formalin- fixed  tissue  sites  comprising  normal  bronchial/bronchiolar  epithelium  (NBE;  N=22), 
primary  tumor  (PT;  N=43)  and  metastasis  (MT;  N=29)  histologies  obtained  from  9  surgically 
resected  EGFR  mutant  (exons  19  and  21)  lung  adenocarcinomas.  EGFR  mutation  analysis  was 
performed  by  PCR  and  direct  sequencing  from  DNA  extracted  from  precisely  microdissected 
tissues.  EGFR  gene  copy  number  analysis  was  performed  using  FISH,  and  high  level  of 
polysomy  and  gene  amplification  were  considered  as  increased  copy  number.  Semi-quantitative 
IHC  expression  analysis  of  cytoplasmic  and  cell  membrane  EGFR  and  phosphorylated  EGFR  (p- 
EGFR)  was  performed.  EGFR  mutation  was  found  in  1 8%  (4/22)  NBE,  91  %  (39/43)  PT  and 
86%  (25/29)  MT  sites.  Low  genomic  gain  was  found  in  8  NBE  sites  (37%),  but  increased  copy 
number  was  not  detected.  Of  interest,  the  4  EGFR  mutant  NBE  sites  exhibited  normal  gene  copy 
number.  No  difference  in  the  frequency  of  EGFR  increased  copy  number  was  found  comparing 
PT  (39/43, 93%)  and  MT  (25/29,  86%)  sites.  EGFR  mutation  frequency  (89%  vs.  41%; 
?<0.0000)  and  mutant  to  wild-type  ratio  mean  (1.04  vs,  0.49,  P<0.0001)  in  the  sequencing 
chromatograms  were  significantly  higher  in  tissue  sites  with  increased  copy  number  titan  areas 
with  normal  or  low  genomic  gain.  EGFR  mutation  heterogeneity,  with  two  or  more  mutant 
genotypes  in  the  same  tumor  case,  was  found  in  4  out  of  9  (44%)  PT  cases,  and  this  phenomenon 
was  not  observed  in  corresponding  MTs.  EGFR  copy  number  heterogeneity  was  more  frequent 
in  PT  titan  MT;  however,  significant  copy  number  progression  from  PT  to  MT  was  not  observed. 
Although  no  correlation  was  found  between  EGFR  IHC  and  EGFR  mutation  or  copy  number 
status,  significantly  higher  levels  of  EGFR  and  p-EGFR  IHC  expression  were  detected  in  mutant 
MT  compared  to  PT  sites  (P=  0.005  to  <0.0001).  Our  findings  indicate  that  EGFR  mutation 
precedes  genomic  gain  in  the  sequential  pathogenesis  of  lung  adenocarcinoma.  In  tumor 
specimens,  there  was  strong  correlation  between  EGFR  mutation  and  increased  copy  number. 

The  heterogeneity  of  EGFR  mutation  and  gene  copy  number  in  primary  tumor,  but  not  in 
metastasis,  and  the  increased  expression  of  total  and  p-EGFR  IHC  in  metastasis  sites  are 
probably  associated  to  tumor  progression  and  could  have  clinical  implications  when  these 
abnormalities  are  searched  in  small  clinical  specimens.  Supported  by  grants  W8 1XWH041 0142 
and  WS1XWH0520027. 
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Thoracic/Head  and  Neck  Medical  Oncology  and  Pathology,  UT-MD  Anderson  Cancer  Center, 
Houston,  TX. 

Lung  adenocarcinoma  is  characterized  by  diagnosis  at  advanced  stages,  and  new  strategies  for 
early  diagnosis  are  needed.  Although  little  is  known  about  the  histological  precursors  and  the 
molecular  events  preceding  the  development  of  lung  adenocarcinoma,  at  least  2  molecular 
pathways  have  been  suggested:  KRAS  and  EGFR  mutation;  the  latter  associated  to  non-smoking 
and  East  Asian  ethnicity.  We  recently  reported  that  EGFR  mutations  were  detected  in 
histologically  normal  bronchi al/b  ronch  i  o  1  ar  epithelium  (NBE)  in  43%  of  patients  with  EGFR 
mutant  lung  adenocarcinomas  (Cancer  Res  65:  7568-72,  2005),  indicating  that  this  mutation 
represents  an  early  “field”  event  in  the  pathogenesis  of  this  neoplasm.  To  further  investigate  the 
molecular  abnormalities  in  the  lung  respiratory  epithelium  “field”  in  lung  adenocarcinoma 
patients,  we  performed  a  detailed  mapping  analysis  of  KRAS  and  EGFR  mutations  in  NBE 
adjacent  to  mutant  and  wild-type  tumors.  In  NBE  sites  we  correlated  EGFR  mutation  status  with 
immunohistochemical  (IHC)  expression  of  EGFR  and  TTF-1  (a  marker  for  lung  terminal 
respiratory  cell  differentiation)  proteins.  We  selected  191  NBE  sites  from  50  surgically  resected 
lung  adenocarcinomas,  including  12  KRAS  mutant,  24  EGFR  mutant  (12,  East  Asian  ethnicity), 
and  14  wild-type  tumors.  KRAS  (codons  12  andl3)  and  EGFR  (exons  19  and  21)  mutation 
analysis  was  performed  by  PCR-sequencing  using  DNA  extracted  from  microdissected  tissue. 
Semi-quantitative  IHC  expression  analysis  of  EGFR,  phosphorylated  EGFR  (p-EGFR)  and  TTF- 
1  was  performed,  Our  main  findings  were:  a)  No  KRAS  mutation  was  detected  in  61  NBE  sites 
obtained  from  12  KRAS  mutant  and  11  wild-type  tumors,  b)  Examining  more  cases  than  the 
previously  published,  similar  frequency  of  EGFR  mutation  in  NBE  by  patients  (12/24,  50%)  and 
by  epithelial  site  (22/73,  30%)  were  detected  in  EGFR  mutant  adenocarcinomas.  However,  now 
we  found  EGFR  mutation  in  6  (11%)  NBE  sites  from  3  (12%)  patients  with  EGFR  wild-type 
tumors,  d)  Previously  the  same  type  of  EGFR  mutation  was  detected  comparing  NBE  and 
corresponding  tumor;  however,  now  we  identified  5  NBE  sites  from  3  East  Asian  patients 
demonstrating  different  mutation  pattern  than  their  corresponding  tumors,  e)  No  correlation 
between  EGFR  and  p-EGFR  expression  and  EGFR  mutation  was  detected  in  NBE,  and, 
interestingly,  13/21  (62%)  of  EGFR  mutant  NBE  sites  did  not  expressed  TTF-1.  Our  findings 
indicate  that  in  lung  adenocarcinoma  a  “field”  defect  phenomenon  is  observed  in  respiratory 
epithelium  for  EGFR  mutation,  but  not  for  KRAS  mutation.  We  have  extended  our  recently 
published  findings  by  detecting  EGFR  mutation  in  NBE  of  a  small  subset  of  East  Asian  patients 
with  wild-type  tumors,  and  by  detecting  some  cases  with  different  mutation  patterns  comparing 
NBE  and  corresponding  tumor.  The  finding  that  most  EGFR  mutant  NBE  lacked  TTF-1 
expression  suggests  that  terminal  respiratory  epithelial  cells  may  not  be  the  only  cell  type 
affected  by  EGFR  mutation.  Supported  by  grant  W81XWH0410142. 
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Caveolin-1  Gene  Methylation  is  a  Field  Effect  Phenomenon  in  Lung  Cancer  Patients 

Ximing  Tang,  Natalie  Ozbum,  Ignacio  I.  Wistuba.  UT  MD  Anderson  Cancer  Center, 
Houston,  Texas  77030 

Caveolin-1  (Cav-1),  an  essential  structural  constituent  of  caveolae  that  plays  an  important 
role  in  cellular  process  such  as  transport  and  signaling,  has  been  implicated  in  the 
development  of  several  cancers,  including  lung.  Reduction  and  absence  of  Cav-1 
expression  has  been  reported  in  almost  all  small  cell  lung  cancers  (SCLC)  and  a  subset  of 
non-small  cell  lung  cancers  (NSCLC),  mostly  due  to  gene  promoter  methylation. 
Although  several  studies  have  provided  information  on  the  molecular  characterization  of 
NSCLC  premalignant  changes,  they  have  been  poorly  documented  for  SCLCs.  For  lung 
cancer,  molecular  changes  commence  in  histologically  normal  epithelium  as  field  effect 
phenomenon.  To  better  understand  the  role  of  CA  VI  gene  in  the  early  pathogenesis  of 
lung  cancers  we  investigated  gene  methylation  and  protein  immunohistochemical  (IHC) 
expression  in  the  lung  respiratory  field  by  examining  histologically  normal  respiratory 
epithelia  adjacent  to  lung  tumors.  We  studied  formalin-fixed  surgically  resected  tumor 
specimens  from  100  lung  cancers,  including  40  SCLCs  and  60  NSCLCs  (48 
adenocarcinomas,  AC;  12  squamous  cell  carcinomas,  SCC).  For  CAV1  methylation 
analysis  wc  extracted  DNA  from  202  precisely  microdissected  tissue  sites,  including  101 
tumors  and  101  normal  epithelia  (79  small  bronchi  and  22  bronchioles).  Among  normal 
epithelial  sites,  30  were  located  inside  tumors  (INE),  60  closed  to  tumors  (<lmm,  ONE), 
and  1 1  distant  to  tumors  (DNE).  The  DNA  was  undergone  methylation  specific 
polymerase  chain  reaction  for  assessing  CA  VI  methylation  and  the  results  were 
confirmed  by  sequencing.  Cav-1  protein  IHC  expression  was  studied  in  the  same  tumoral 
and  epithelial  sites  examined  tor  methylation.  A  high  level  of  CAV1  methylation  rate  was 
detected  in  tumors,  being  more  frequent  in  SCLC  (100%)  compared  to  AC  (49%)  and 
SCC  (50%).  NSCLCs,  but  not  SCLCs,  demonstrated  heterogeneity  in  CAV1  methylation 
in  6  cases  in  which  multiple  tumor  sites  were  examined.  CA  VI  methylation  was  also 
frequently  detected  in  histologically  normal  respiratory  epithelia  adjacent  to  lung  tumors, 
without  differences  in  methylation  frequency  by  lung  tumor  histology  (SCLC  64%,  AC 
69%  and  SCC  63%),  and  type  (bronchi  65%  and  bronchioles  66%)  and  location  (FNE 
67%,  ONE  66%  and  DNE  64%)  of  respiratory  structures  examined.  Gene  methylation 
was  highly  correlated  with  protein  expression  in  tumor  (90%)  and  normal  epithelium 
(95%)  tissue  sites.  Our  findings  indicate  that  CAVl  methylation  is  a  frequent  molecular 
abnormality  in  lung  tumors,  especially  SCLC,  The  finding  of  high  frequency  of  Cav-1 
abnormalities  in  normal  bronchial  and  bronchiolar  epithelia  adjacent  to  lung  cancers 
suggests  that  CA  VI  may  be  involved  in  the  early  pathogenesis  of  lung  cancer  as  field 
effect  phenomenon  (Supported  by  grant  VITAL  W81XWH-04-1-0I42). 
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Oncogenic  manipulation  and  biologic  selection  for  complete  tumorigenlc 
transformation  of  immortalized  normal  human  bronchial  epithelial  cells 

Mitsuo  Sato,  Woochang  Lee,  Luc  Girard,  Ruben  D.  Ramirez,  David  S.  Shames,  Adi 
F.  Gazdar,  Jerry  W.  Shay  and  John  D.  Minna 

UT  Southwestern  Medical  Center,  Dallas,  TX 

Purpose:  To  develop  an  in  vitro  model  system  to  study  the  multi-step  pathogenesis  of 
lung  cancer.  Introduction:  We  established  a  series  of  cdk4/hTERT-immortalized  human 
bronchial  epithelial  ceil  lines  (HBECs)  which  can  be  genetically  manipulated,  are  able  to 
differentiate  into  mature  airway  cells  in  organotypic  cultures,  but  do  not  form  colonies  in 
soft  agar  or  tumors  in  nude  mice.  Previously,  we  observed  that  combinations  of  p53 
knockdown  with  mutant  EGFR  or  with  physiological  levels  of  oncogenic  KRASV12 
progressed  HBECs  part  but  not  all  of  the  way  towards  malignancy.  These  cells  form 
colonies  in  soft  agar,  but  fail  to  form  tumors  in  nude  mice.  In  the  present  study  we 
evaluated  various  combinations  of  oncogenic  manipulation,  higher  levels  of  expression  of 
oncogenic  KRASV12,  and  the  biologic  behavior  of  clones  selected  to  grow  to  large  size  in 
soft  agar.  Methods:  HBEC3  immortalized  with  cdk4  and  hTERT  was  engineered  with 
various  vectors  systems  to  have  stable:  p53  knockdown  (with  shRNA);  PTEN 
knockdown:  express  oncogenic  KRASV'2  at  physiologic  or  10  fold  higher;  express  mutant 
EGFR  (deletion  and  missense  mutants).  These  were  made  alone  and  in  combination. 
These  and  selected  colonies  were  then  tested  for  soft  agar  colony  formation  and 
subcutaneous  and  orthotopic  tumor  formation  in  nude  mice.  Results:  Without  oncogenic 
manipulation  soft  agar  colony  forming  efficiency  (CFE)  was  <'0.1%.  With  various 
oncogenic  manipulations  including  higher  expression  of  KRASV12  alone  soft  agar  colony 
CFEs  were  '3%,  and  the  combination  of  higher  KRASV12  and  p53  knockdown  increased 
CFE  to  8%.  None  of  these  were  tumorigenic.  However,  the  combination  of  higher 
KRASV12  and  p53  knockdown  but  nothigh  KRASV12  alone  ted  to  development  of  a  subset 
of  very  large  soft  agar  colonies  (~0. 1-0.2%).  These  large  colonies  were  isolated  and 
found  to  have  CFE  of  1CM5%  with  large  colony  numbers  increased  10  fold.  5  of  the 
large  colonies  were  expanded  and  tested  for  tumorgenicity  and  2  were  capable  of 
forming  subcutaneous  and  orthotopic  (bronchus)  tumors.  Of  interest  one  was  an 
adenocarcinoma  and  the  other  was  a  squamous  cell  carcinoma.  In  addition,  the 
adenocarcinoma  expressed  high  levels  of  KRASV12  and  the  squamous  carcinoma 
expressed  normal  levels  of  KRASV12.  Conclusion:  Multiple  oncogenic  changes  found  in 
lung  cancer  (telomerase  expression,  pi  6  bypass,  p53  ablation,  mutant  EGFR,  oncogenic 
KRAS)  introduced  into  HBECs  are  still  not  capable  of  full  oncogenic  transformation, 
However,  a  subset  of  cells  selected  for  the  ability  to  form  large  colonies  in  soft  agar  are 
capable  of  tumor  formation  and  tend  to  differentiate  into  two  non-small  cell  lung  cancer 
phenotypes  (adenocarcinoma  and  squamous  cell  cancer).  The  expression,  genetic,  and 
epigenetic  changes  as  well  as  the  stem  cell  like  characteristics  of  these  subsets  of  cells 
are  being  investigated  to  delineate  the  key  final  steps  in  lung  cancer  pathogenesis.  This 
study  was  supported  in  part  by  the  Department  of  Defense  VITAL  program  (W81XWH- 
04-1-0142) 
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Protein  profiles  of  lung  tumorigenesis  using  immmobilized  metal  ion  adsorption 
chromatography 

Hening  Ren,  David  Hawke,  Zuo  M  Chu  and  Li  Mao 

UT  MD  Anderson  Cancer  Center,  Houston,  TX 

Understanding  the  molecular  process  of  lung  cancer  development  is  important  for 
development  of  novel  diagnostic,  preventive,  and  therapeutic  strategies.  Proteomics  is  a 
promissing  approacheto  extend  such  understanding.  One  of  the  major  limitations  of  this 
approache  is  the  inability  to  reveal  and  identify  lower  abundant  proteins.  Fractionation 
and  enrichment  of  cancer  proteome  is  a  logic  step  in  expanding  the  application  of 
proteomics  in  tumor  classification  and  biomarker  discovery.  Immobilized  metal  ion 
adsorption  chromatography  (IMAC),  also  know  as  metal  chelate  affinity  chromatography 
(MCAC),  selectively  enrich  proteins  with  exposed  surface  histidine,  cysteine,  and 
tryptophan.  To  test  the  utility  of  IMAC  in  protein  marker  identification,  we  performed 
IMAC  enrichment  using  proteins  extracted  from  4  lung  cancer  cell  tines  and  4 
immortalized  human  bronchia  epithelia  (HBE)  cell  lines,  followed  by  2-dimensional 
electrophoresis  (2DE)  of  the  enriched  proteins.  Using  this  strategy,  we  observed 
substantially  more  proteins  differentially  presented  between  the  two  groups  of  cell  lines. 
More  than  100  such  proteins  were  revealed  when  a  broad  range  (pH  3-10)  isoelectric 
focusing  condition  was  used.  The  identities  of  33  of  the  protein  spots  were  further 
characterized  by  tandem  mass  spectrometry.  Many  of  the  proteins  were  low  abundant 
proteins.  Among  them,  stratifin,  thioredoxin  peroxidase,  and  guanine  monophosphate 
synthetase,  have  transcript  abundance  ranging  from  0.3%  to  5%  of  the  abundance  of  the 
actin  transcript  in  lung  tissues.  Our  results  demonstrate  a  utility  of  IMAC-2DE  approach  in 
proteomics  analysis  of  tumorigenic  processes.  (Supported  by  Department  of  Defense 
grant  W81XWH-04-1-0142) 
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Detecting  low-abundant  proteins  in  human  plasma  proteome  by  using  multi-lectin 
affinity  chromatography  and  two-dimensional  gel  electrophoresis 

Hidetoshi  Kawaguchi,  Hening  Ren,  Wenhua  Lang,  Zuoming  Chu,  You-Hong  Fan 
and  Li  Mao 

University  of  Texas  M.D.  Anderson  Cancer  Center,  Houston,  TX 

Glycosylation  is  one  of  the  most  common  post-translational  protein  modifications  and 
plays  a  fundamental  role  in  a  diverse  set  of  biologic  processes.  These  plasma 
glycoproteins  can  be  enriched  using  lectins,  which  bind  to  specific  sugar  structures.  To 
determine  the  utility  of  a  multi-lectin  column,  we  analyzed  two  independent  sets  of 
plasma  samples,  each  consisting  of  400pl  mixture  of  plasma  from  five  healthy  controls. 
Captured  proteins  in  the  column  were  released  sequentially  using  inhibitory 
carbohydrates  and  collected  stepwise,  The  total  glycoprotein  bound  to  the  column  was 
10.9%  of  total  plasma  proteins  including  2.3%  to  jacalin,  3.7%  to  ConA,  and  4,9%  to 
WGA.  Therefore,  this  column  provides  20-44  folds  enrichment  of  plasma  glycoproteins  in 
each  fractionation.  We  further  performed  two-dimensional  gel  electrophoresis  (2-DE)  and 
generated  reproducible  profiles  of  enriched  plasma  glycoproteins.  Several  major  plasma 
proteins,  such  as  albumin,  transferrin,  immunoglobulin  G,  and  <*1 -antitrypsin,  were 
largely  removed  by  the  enrichment  strategy,  In  the  areas  of  high  molecular  weight 
proteins  on  the  2-DE  gels,  substantially  more  protein  spots  were  visible  in  the  sample 
with  enrichment  than  its  un-enriched  counterpart  (289  spots  vs.  117  for  WGA 
fractionation  as  an  example).  Our  results  demonstrate  that  the  multi-lectin  affinity-2-DE 
approach  can  help  visualize  lower-abundant  plasma  proteins  and  may  improve  the 
identification  of  plasma  protein  markers.  This  strategy  has  potential  to  be  used  to  identify 
plasma  protein  markers  associated  with  diseases,  such  as  cancer.  (Supported  in  part  by 
Department  of  Defense  grants  DAMD1 7-01 -1-01 689-1  and  W81XWH-04-1-0142; 
National  Cancer  Institute  grants  CA91844and  CA1 06451) 
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1.0  Objectives 

Patients  who  have  surgically  resected  early  stage  head  and  neck  and  lung  cancer  are  at 
significant  risk  for  developing  recurrent  or  second  primary  tumors  (SPTs).  Patients  who 
continue  to  smoke  (current  smokers)  and  even  those  who  have  quit  smoking  (former 
smokers)  have  an  increased  risk  of  developing  another  tumor.  Adjuvant  therapy  trials 
with  radiation  or  chemotherapy  have  been  controversial  and  these  modalities  are  not 
considered  to  be  the  current  standard  of  care  in  these  high-risk  patients.  The 
outcomes  of  large  scale  chemoprevention  dials  have  been  uniformly  disappointing. 

Novei  biologic  agents  are  beginning  to  be  tested  in  the  adjuvant  or  maintenance  setting, 
but  data  is  still  early.  Biologic  agents  in  the  metastatic  setting  for  lung  cancer  have 
been  disappointing  and  have  yet  to  show  a  survival  benefit  in  any  treatment  setting. 

Follow-up  measures  such  as  CXR  and  sputum  as  screening  or  after  surgical  resection 
in  these  high  risk  patients  have  failed  in  preventing  or  detecting  early  recurrence  or 
SPTs.  Development  of  a  risk  model  with  intermediate  biomarkers  to  predict  risk  is 
needed  to  help  improve  survival.  Furthermore,  treatment  interventions  in  the  adjuvant 
setting  are  needed  in  order  to  improve  disease-free  survival.  To  test  this  hypothesis  we 
will  perform  a  clinical  characterization  and  bio  marker-based  clinical  trial  in  patients  with 
definitively  treated  stage  I/ll  NSCLC  and  head  and  neck  squamous  cell  carcinoma 
(HNSCC),  We  propose  to  study  these  high-risk  patients  in  a  comprehensive  clinical  trial 
“Vanguard  Trial0  which  will  closely  follow  patients  with  imaging,  tissue  and  serologic 
markers.  Also,  we  will  study  a  series  of  biologic  agents  in  the  adjuvant  setting. 

Specific  Aim  1:  To  assess  the  smoking-related  disease-free  survival  in  patients  who 
are  current  or  former  smokers  with  a  prior  definitively-treated  stage  I/ll  lung  or  head  and 
neck  cancer. 

Rationale:  Patients  who  are  current  or  former  smokers  and  with  a  history  of  a  prior 
early  stage  cancer  at  high  risk  for  recurrence  or  SPTs.  There  are  no  standard 
interventions  which  have  been  proven  to  help  reduce  the  risk  or  cancer  occurrence.  We 
plan  to  enroll  patients  into  a  vanguard  trial  and  aggressively  follow  their  post-surgical 
course  with  radiographic  imaging,  tissue  (bronchial  epithelium)  and  serum  molecular 
markers,  and  autofiuorescence  bronchoscopy  using  a  light-induced  fluorescence 
endoscope  (LIFE). 

Specific  Aim  2:  To  develop  a  risk  model  to  heip  predict  the  likelihood  of  lung  cancer 
development  both  imaging  and  biomarker  based  in  this  high-risk  population. 

Rationale:  Patients  with  a  history  of  a  prior  stage  I/ll  head  and  neck  or  lung  cancer 
who  have  had  surgical  resection  are  at  high  risk  for  recurrence  or  SPTs.  There  are  no 
standard  interventions  which  have  been  proven  to  help  reduce  the  risk  or  cancer 
occurrence.  Patients  will  have  aggressive  post-operative  follow-up  with  analysis 
including  frequent  serologies,  bronchial  specimens  and  CT  scanning.  Trends  in  these 
multiple  biomarkers  would  be  analyzed  and  used  to  develop  a  predictive  model. 
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We  plan  to  enrol!  patients  into  one  of  four  concurrent  biologic  adjuvant  trials  with 
targeted  agents.  These  will  be  conducted  as  separate  studies  under  the  backdrop  of 
the  Vanguard  trial.  The  primary  endpoints  will  be  histologic  change  as  well  as  multiple 
secondary  endpoints  including  safety/toxicity  and  biomarker  modulation. 


2.0  Significance  and  Background 

2.1  Lung  Cancer  and  Head  and  Neck  Cancer 

Lung  cancer  is  the  leading  cause  of  cancer-related  death  among  men  and  women  in  the 
United  States  (1).  An  estimated  159,900  Americans  died  of  lung  cancer  in  2003,  in 
recent  years,  the  incidence  of  lung  cancer  has  begun  to  decline  among  men  (1). 
However,  smoking-related  lung  cancer  has  continued  to  increase  among  women, 
surpassing  even  breast  cancer  as  the  leading  cause  of  death  among  women  (2). 

Despite  aggressive  treatment,  the  five-year  survival  rate  for  iung  cancer  remains 
approximately  15%  (1).  These  grim  facts  point  out  to  need  for  a  radical  change  in  our 
approach  to  lung  cancer. 

Head  and  neck  squamous  cell  carcinoma  (HNSCC)  is  the  5th  leading  cause  of  cancer 
incidence  and  the  6th  leading  cause  of  cancer  death.  Per  year  in  the  United  States, 
there  are  approximately  40,400  new  cancer  cases  and  12,300  cancer  deaths  (1),  It  is 
strongly  associated  with  tobacco  and  alcohol  use.  In  early  stage  disease  (stage  I  and  II) 
curative  measures  can  be  undertaken  with  surgery  and  radiation  therapy,  Treatment 
options  for  advanced  or  recurrent  disease  remain  limited  as  advanced  disease  (stage  III 
and  IV)  has  a  less  than  30%  cure  rate.  Prevention  of  recurrence  and  second  primary 
tumors  has  been  studied  in  patients  with  early  HNSCC.  No  standard  therapies  exist  as 
phase  II  trials  have  failed  to  demonstrate  a  survival  advantage  in  phase  III  trials  thus  far. 
Many  of  these  patients  will  develop  SPTs  in  the  lung  as  tobacco  use  is  prevalent  in 
about  85%  of  cases.  Because  of  the  poor  survival  in  patients  who  develop  lung  cancer, 
the  National  Cancer  Institute’s  Division  of  Cancer  Prevention  and  Control  has  set 
prevention  as  the  primary  strategy  in  the  control  of  lung  cancer. 

2.2  Smoking  cessation  and  lung  cancer  prevention 

Prevention  of  smoking  and  smoking  cessation  deserves  a  prominent  place  in  the 
National  Cancer  Institute’s  programs  to  reduce  mortality  from  cancer.  Massive 
campaigns  to  educate  the  public  about  the  hazards  of  cigarette  smoking  have  resulted 
in  a  substantial  reduction  in  the  percentage  of  adults  who  smoke  in  the  United  States. 
Recent  estimates  suggest  that  approximately  50%  of  adults  are  former  smokers  (about 
44  million  people  in  the  United  States)  (2,  3).  Despite  the  reduction  in  lung  cancer  risk 
observed  with  smoking  cessation  (2),  several  studies  have  demonstrated  that  former 
smokers  still  have  a  higher  lung  cancer  risk  than  non-smokers  (4-6).  Even  ten  years 
after  smoking  cessation,  the  risk  remains  significantly  elevated  for  men  (7).  Former 
smokers  account  for  a  large  proportion  of  lung  cancers  in  this  country  and  the  current 
smoking  trends  indicate  that  the  percentage  is  increasing,  it  appears  that  former 
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smokers  will  account  for  a  growing  percentage  of  all  lung  cancer  cases.  Thus,  the  risk 
of  lung  cancer  in  former  smokers  poses  a  substantial  long-term  health  threat  in  this 
country.  Strikingly,  50%  of  new  lung  cancer  cases  are  among  former  smokers,  a 
population  numbering  roughly  46  million  people  in  the  United  States  (8).  Strategies  to 
prevent  lung  cancer  deaths  in  former  smokers  include  early  detection  and 
chemoprevention. 

Methods  of  early  detection  are  now  critical  in  lung  cancer  treatment.  Screening 
techniques  analyzing  sputum  cytology,  chest  x-rays  and  more  recently,  spiral  computed 
tomography  (CT)  scans  have  been  studied.  Recent  studies  have  specifically  tested  the 
efficacy  of  screening  individuals  at  high  risk  with  spiral  CT  scanning  (9-11).  These 
results,  while  provocative,  are  not  yet  definitive,  and  debate  continues  as  to  whether 
they  are  sufficient  to  mandate  broad  lung  cancer  screening  programs.  A  study  reported 
in  1999  used  low-dose  helical  CT  to  screen  1,000  asymptomatic  smokers  or  former 
smokers,  who  smoked  at  least  one  pack  of  cigarettes  a  day  for  10  years,  or  two  packs 
per  day  for  5  years.  All  were  age  60  or  older.  All  participants  received  chest  x-rays  and 
CT  scans.  CT  detected  from  1-6  non-calcified  pulmonary  nodules  in  23%  patients  while 
CXR  detected  nodules  in  7%.  27  of  the  233  CT  lesions  were  diagnosed  as  tumor 
whereas  7  of  the  68  CXR  lesions  were  malignant.  23  of  the  27  CT  tumors  were 
diagnosed  as  stage  I.  Although  this  study  shows  potential  promise  in  the  use  of  CT  for 
screening,  additional  trials  will  be  needed  before  routine  CT  scanning  can  be  deemed 
cost  effective  (11). 

2.3  Chemoprevention 

The  past  ten  years  has  revealed  the  potential  of  chemoprevention  in  the  reduction  of 
mortality  associated  with  common  epithelial  cancers.  Tamoxifen  was  effective  in 
primary  prevention  of  breast  cancers  in  high-risk  women  at  high  risk  (12).  Non-steroidal 
anti-inflammatory  drugs  (NSAIDs)  reduced  the  risk  of  colorectal  cancer  in  participants 
with  familial  adenomatous  polyposis  (12).  Retinoids  decreased  the  incidence  of  second 
primary  tumors  in  participants  with  a  prior  squamous  cell  carcinoma  of  the  head  and 
neck  (12).  In  contrast,  the  results  of  lung  cancer  chemoprevention  trials  have  been 
disappointing.  Several  large-scale  chemoprevention  trials  have  been  performed, 
including  the  Euroscan  Trial,  the  Physicians  Health  Study,  the  Alpha-Tocopherol  and 
Beta-Carotene  (ATBC)  trial,  and  the  Beta-Carotene  and  Retinol  Efficacy  Trial  (CARET), 
which  involved  thousands  of  active  smokers  followed  for  over  ten  years.  These  studies 
demonstrated  no  protective  effect  of  treatment  on  lung  cancer  incidence  (13-15).  In 
fact,  beta-carotene  treatment  appeared  to  act  as  a  co-carcinogen,  enhancing  lung 
cancer  incidence  in  active  smokers.  The  failure  of  these  large-scale  clinical  trials  has 
taught  us  an  important  lesson;  it  may  be  premature  to  embark  on  large-scale  trials  that 
involve  thousands  of  participants  and  cost  millions  of  dollars  prior  to  demonstrating  the 
efficacy  of  a  chemopreventive  agent  in  small,  biomarker-based  clinical  trials. 

Supporting  a  biomarker-based  approach  to  predicting  the  efficacy  of  specific  lung 
cancer  chemopreventive  agents,  no  effect  was  found  of  13-crs  retinoic  acid  on  bronchial 
metaplasia  and  dysplasia  in  current  smokers  (16),  which  is  similar  to  the  outcome  of  the 
retinoid-based  large-scale  chemoprevention  trials  described  above.  Based  on  the  data 
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outlined  above,  smoking  cessation  and  primary  prevention  of  smoking  remain  the  most 
proven  measures  to  prevent  primary  lung  cancer.  Patients  who  have  had  prior 
definitively  treated  tobacco-related  cancers,  primarily  head  and  neck  and  lung  cancers, 
are  at  higher  risk  (20-40%)  for  recurrence  or  second-primary  tumors.  No  traditional 
therapies  have  proven  effective  to  prevent  lung  cancer  in  this  setting.  Clearly,  further 
strategies  such  as  development  of  a  model  to  assess  risk  and  integration  of  biologic 
agents  are  needed. 

2.4  Bronchial  Histology 

The  highest  risk  of  lung  cancer  occurs  in  patients  with  bronchial  dysplasia.  The 
presence  of  bronchial  epithelial  abnormalities  is  clearly  linked  to  smoking.  Several 
series  have  shown  that  these  preneopiastic  lesions  arise  from  normal  to  hyperplasia  to 
squamous  metaplasia  and  then  from  mild  to  moderate  and  severe  dysplasia,  followed 
by  carcinoma  in  situ  and  ultimately  invasive  squamous  cell  cancer  (17,  18).  A  standard 
histologic  classification  system  of  preneopiastic  lesions  has  therefore  been  established 

The  highest  risk  of  lung  cancer  occurs  in  subjects  with  dysplastic  lesions  and  we  have 
selected  a  patient  population  expected  to  have  a  high  rate  of  dysplasia  on  bronchial 
biopsy.  Currently,  histologic  assessment  remains  the  gold  standard  since  there  are  no 
definitive  intermediate  biomarkers  for  lung  cancer  development.  We  have  previously 
shown  that  metaplasia  index  is  not  an  optimal  biomarker.  However,  histologic  changes 
uncommonly  regress  spontaneously  and  are  highly  correlated  with  a  number  of 
intermediate  biomarkers  (19), 

Over  the  past  5  years,  a  number  of  advancements  have  been  made  in  the  detection  of 
bronchial  premalignancy  and  early  stage  lung  cancer  using  molecular  and  radiologic 
techniques.  Molecular  studies  have  shown  that  approximately  30%  of  lung 
adenocarcinomas  contain  mutated  K-ras  (20),  and  these  mutations  can  be  detected  in 
premalignant  bronchial  biopsies  (20),  Bronchial  washings  and  sputum  samples,  which 
contain  ceils  shed  from  peripheral  sites  in  the  lung  are  other  potential  methods  of 
screening  participants  for  the  presence  of  premalignant  or  malignant  cells.  Recently 
developed  techniques  based  on  polymerase  chain  reaction  (PCR)  and  in  situ 
hybridization  technologies  can  detect  molecular  abnormalities  in  ceils  shed  into  stool, 
sputum,  and  urine  with  a  sensitivity  that  far  exceeds  that  of  standard  cytologic 
techniques  (21-23).  We  have  discovered  evidence  of  clonal  outgrowths  in  the  bronchial 
epithelium  of  smokers  and  former  smokers  using  molecular  techniques  that  can  detect 
DNA  methlyation  at  CpG  islands  in  the  promoter  regions  of  specific  genes, 
chromosomal  aneuploidy,  and  loss-of-heterozygosity  at  putative  tumor  suppressor  loci 
(24).  Fluorescence  bronchoscopy,  studied  in  smokers  at  high  risk  for  lung  cancer, 
found  a  unique  lesion  consisting  of  capillary  blood  vessels  adjacent  to  and  juxtaposed  to 
squamous  bronchial  epithelium  that  was  metaplastic  or  dysplastic  (25).  Hirsch  et  al. 
reported  a  majority  of  patients  could  be  diagnosed  solely  on  the  results  of  LIFE  if  they 
had  at  least  one  biopsy  with  moderate  or  severe  dysplasia.  LIFE  was  statistically 
significantly  more  sensitive  than  WLB  for  detecting  moderate  dysplasia  or  worse. 
Angiogenic  squamous  dysplasia  (ASD)  was  found  to  have  markedly  elevated 
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proliferative  activity  as  well  as  some  loss  of  heterozygosity  at  chromosome  3p.  ASD 
was  found  in  54  of  158  high-risk  smoking  patients  without  carcinoma  and  6  of  10 
patients  with  squamous  carcinoma.  In  nonsmokers,  0  of  16  had  the  presence  of  ASD. 
This  suggests  that  ASD  may  represent  an  early,  premalignant  stage  of  bronchial 
carcinogenesis  associated  with  increased  lung  cancer  risk,  even  beyond  that  associated 
with  standard  histology. 

2.5  Molecular  Targets  and  Lung  Cancer 

As  our  understanding  of  cellular  signaling  pathways  and  their  interactions  with  other 
signals  broadens  and  their  role  in  carcinogenesis  progress,  different  biomarkers 
continued  to  be  measured  in  order  to  predict  outcome  in  epithelial  cancers.  HER2  in 
breast  cancer  is  an  example  of  a  biomarker  which  predicts  poor  survival  (26).  Other 
biomarkers  which  may  serve  as  prognostic  variables  in  lung  cancer  as  well  as  other 
epithelial  cancers  include  epidermal  growth  factor  receptor  (EGFR),  ras,  vascular 
endothelial  growth  factor  (VEGF),  fhit  and  p53  (27-37).  Development  of  targeted  agents 
which  disrupt  various  cellular  signals  may  help  disrupt  the  cellular  growth  pathways  and 
in  turn  preventing  development  of  carcinoma.  Studies  in  the  metastatic  setting  have 
demonstrated  single-agent  activity  in  some  of  these  agents,  however  no  difference  in 
survival  has  been  recorded  (38).  Several  trials  with  single-agent  biologic  treatment  are 
ongoing  in  definitively- treated  patients. 

2.6  Adjuvant  Therapy  for  Lung  Cancer 

Based  on  the  data  outlined  above,  smoking  cessation  and  primary  prevention  of 
smoking  remain  the  most  proven  measures  to  prevent  primary  lung  cancer.  However, 
despite  surgical  treatment  of  early  stage  lung  cancer  (stage  I/If),  only  40-70%  of  patients 
are  alive  at  5  years.  Additionally,  patients  who  have  had  prior  definitively  treated 
tobacco-related  cancers,  primarily  head  and  neck  and  lung  cancers,  are  at  higher  risk 
(20-40%)  for  recurrence  or  second-primary  tumors  during  their  lifetime.  No  therapies 
have  proven  effective  to  prevent  lung  cancer  in  this  setting. 

Radiation  therapy  given  after  complete  surgical  resection  was  one  of  the  earliest  forms 
of  adjuvant  therapy  explored.  As  reported  in  the  PORT  meta-anaiysis  (39),  2,128 
patients  from  several  trials  were  compared.  Results  showed  a  detrimental  effect  of 
post-operative  radiotherapy  on  survival  with  an  absolute  reduction  of  7%  at  2  years. 
Subgroup  analysis  suggested  that  this  occurred  in  the  N0-1  disease  subgroup  and  not 
in  the  N2  group.  As  various  surgical  and  radiotherapy  techniques  were  used, 
randomized  trials  are  still  needed  to  further  clarify  the  role  of  radiotherapy,  especially  in 
those  patients  with  N2  disease. 

Chemotherapy  has  been  tested  as  adjuvant  therapy  in  resected  early  stage  primary 
lung  cancers  in  multiple  trials.  Earlier  trials  prior  to  1980  of  single-agent  chemotherapy 
as  adjuvant  therapy  with  alkylating  agents  failed  to  show  a  survival  benefit  and  in  fact, 
showed  a  detrimental  effect  on  survival.  A  recent  meta-analysis  of  all  randomized  trials 
over  a  26  year  period  showed  that  the  absolute  risk  of  death  was  reduced  by  3%  at  2 
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years  and  5%  at  5  years  for  patients  who  had  been  treated  with  a  cisplatin-containing 
regimen  as  opposed  to  surgical  resection  {40-45,  49). 

2,7  Rationale 

Most  patients  with  diagnosed  lung  cancer  present  in  advanced  stages  including  III  and 
IV.  Therapies  for  these  patients  are  more  difficult  and  translate  into  a  poor  5  year 
survival  rate  (stage  Hi  10-30%,  stage  IV  <1%).  However,  about  25%  of  patients  who  are 
initially  diagnosed  with  lung  cancer  are  stage  I  or  ii.  A  majority  of  these  patients 
undergo  curative  surgery.  The  5  year  survival  for  these  early  stage  lung  cancer  patients 
is  only  30-70%.  This  is  extremely  disappointing  and  so  studies  have  been  conducted  to 
look  at  adjuvant  therapy.  Modalities  such  as  adjuvant  radiotherapy  or  chemotherapy 
have  proven  to  be  of  no  benefit  or  minimal  at  best.  No  standard  of  care  for  these 
potentially  curable  early  stage  resected  patients  has  been  established.  Primary 
screening  studies  for  prevention  of  lung  cancer  have  failed  to  demonstrate  a  survival 
benefit  including  CXR  and  sputum  screening.  CT  scan  screening  studies  are  underway 
but  it  will  be  many  years  before  conclusions  can  be  made.  Controversies  lie  with  what 
criteria  make  a  patient  high-risk  for  development  of  lung  cancer  as  these  patients  are 
the  most  likely  to  benefit  from  any  intervention  to  impede  carcinogenesis, 

We  propose  a  Vanguard  comprehensive  multidisciplinary  study  which  will  focus  on  the 
characterization  of  recurrence  and  second-primary  tumors  in  a  high-risk  patient  cohort. 
These  patients  will  have  had  prior  smoking  exposure  as  well  as  a  definitively  surgically 
treated  head  and  neck  squamous  cell  or  non-small  cell  lung  cancer.  Some  of  these 
patients  will  have  the  presence  of  ground  glass  lesions  (GGLs)  and  those  may  protend 
an  even  worse  prognosis.  Patients  will  be  followed  with  multiple  modalities  including 
radiographic  (computed  tomography),  bronchoscopic  (LIFE),  and  serological.  By 
obtaining  bronchial  and  serum  samples  at  specific  timepoints,  we  hope  to  define  a  risk 
model  which  may  be  able  to  predict  those  patients  who  may  have  a  higher  propensity  to 
develop  a  recurrent  or  new  lung  cancer.  By  utilizing  a  biomarker  based  approach  and 
complementing  with  radiographic  and  bronchoscopic,  development  of  a  risk  model  of 
lung  cancer  will  transform  how  we  approach  these  patients  and  define  a  new  standard 
of  follow-up  and  risk  assessment  to  ultimately  improve  survival, 


3.0  Study  Design  and  Overview 

The  main  objective  of  this  phase  lib  study  is  to  determine  the  smoking-related  disease 
free  survival  in  patients  at  high  risk  for  developing  a  recurrent  or  SPT  of  the  lung. 

We  plan  to  enroll  patients  into  the  “Vanguard  trial’'.  Upon  enrollment,  they  will  be 
assigned  a  study  ID  number.  Patients  will  then  be  offered  further  participation  in  an 
optional  adjuvant  biologic  trial  that  will  coincide  with  this  Vanguard  trial.  If  patients 
decide  to  participate,  then  they  will  be  enrolled  in  both  the  vanguard  trial  as  well  as  the 
adjuvant  biologic  trial.  Patients  may  choose  not  to  participate  in  the  adjuvant  biologic 
trial,  but  can  still  participate  in  the  "Vanguard  Trial.’  Patients  will  be  consented  by  the 
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treating  physician  and  the  research  nurse.  Witnesses  will  be  clinic  nurses  or  other 
members  present  during  the  informed  consent  interview  process.  Patients  may  request 
information  and  decide  to  enroli  at  a  later  date.  Follow-up  will  occur  through  the 
research  nurse. 

Once  enrolled  into  the  adjuvant  biologic  trial,  patients  will  be  randomized  in  a  2:1 
fashion  to  receive  the  biologic  drug  or  follow-up  only.  Patients  will  receive  treatment  for 
12  months  with  follow-up  for  36  months  afterwards.  The  details  of  this  protocol  are 
outlined  as  a  separate  protocol.  There  are  four  sequentially  run  bioadjuvant  trials 
planned  with  60  patients  in  each  trial. 

In  the  Vanguard  Trial,  patients  with  stage  I  or  II  HNSCC  or  NSCLC  after  definitive  local 
therapy  who  have  no  evidence  of  disease  will  be  followed  for  a  total  of  48  months. 
Patients  will  be  evaluated  with  spiral  CT,  fluorescent  bronchoscopy,  and  serum  samples 
at  specific  time  periods  during  the  study  (see  schema). 

Patients  will  be  seen  and  enrolled  in  the  Thoracic/Head  and  Neck  Medical  Oncology 
clinics.  Patients  may  be  referred  from  the  surgical  clinics  or  from  outside  referring 
physicians.  Research  nurses  will  promote  awareness  of  the  protocol  and  facilitate 
enrollment.  MDACC  sees  about  2700  new  patients  and  consults  annually  in  the  head 
and  neck  and  lung  cancer  clinics. 

3.1  Subject  Identification 

A  unique  master  subject  ID  will  be  assigned  to  each  individual  participating  the  study. 

The  subject  ID  will  consist  of  5  digits  in  the  format  of  GG-NNN  where  GG  is  the  group  ID 
for  the  institution  and  NNN  is  the  accession  number  within  the  institution.  The  unique 
master  ID  will  be  assigned  by  the  central  statistical  coordinating  center  at  M.D. 

Anderson.  A  password  protected  secured  file  will  be  created  to  store  the  cross 
reference  list  between  the  master  ID  and  confidential  patient  information  such  as  name, 
birth  date,  hospital  number,  and  social  security  number  (if  available),  etc.  Master  ID  will' 
be  used  throughout  the  trial  and  in  database  for  patient  identification  purpose. 

Confidential  patient  information  will  be  used  only  when  it  is  necessary  such  as  in  patient 
care  setting. 

3.2  Subject  Assignment  in  Bioadjuvant  Trials 

The  eligibility  criteria  for  the  bioadjuvant  trials  are  the  same  as  in  the  vanguard  study. 
Patients  enrolled  in  the  vanguard  study  will  be  given  an  opportunity  to  participate  a 
bioadjuvant  study.  Consenting  patients  will  then  be  randomized  into  the  active  or 
placebo  group  with  a  2:1  ratio.  Random  permuted  block  with  varying  block  size  (such  as 
3  or  6)  will  be  used  to  achieve  the  purpose  of  random  allocation  while  maintain  the 
balance  of  treatment  assignment. 
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3.3  Study  Schema 


1.  Stage  I  &  II  NSCLC  or  HNSCC 

2.  Current  or  former  smoker  >10  peek  years 

3.  No  prior  c  hem  a/radiation /bio  logic  therapy  (Exception:  NSCLC 
patients  may  have  received  adjuvant  chemotherapy) 

4.  Patients  sign  informed  consent  for  Vanguard  trial,  offered 
participation  in  biologic  adjuvant  trial  (1) 


Baseline: 

Study  entry  wfin  6  months  of 
surgery  (or  w/in  3  months  of 
adiuvam  chumotheraov’l 


Month  6 


Month  12 

Month  18 

Month  24 

Month  30 
Month  36 


Hx/PE/Bronc  hoscopy/Buccal 
Brush/Sputum, Saliva/Chest  CT  and  X- 
ray/Serology/Laryngoscopy  in  HNSCC  patients 


Hx/PE/Chest  CT  and  X-ray  /Serology 


Hx/PE/Brortchoscopy/Buccal  Brush/Sputum, 
Saliva/Chest  CT  and  X-ray/Serology/Laryngoscopy  In 
HNSCC  patients 


Nursing  Exam/Chest  CT  and  X-ray/Seroiogy 


Hx/PE/Bronchoscopy(optional)/Buccal 
Brush(optional)/Sputum,  Saliva(optional)/Chest  CT  and 
X-ray/Serology 


Nursing  Exam/Chest  CT  and  X-ray/Serology 


Hx/PE/Bronchoscopy(optional)/Buccal  Brush 
(optional)/  Sputum,  Saiiva(optional)  /Chest  CT  and 
X-ray/Serology 


Follow  for  a  minimum  of  3  years 
Endpoints:  Smoking-related  disease-free  survival 
Recurrence  rate 
SPTs 


1 .  Patients  agreeing  to  participate  in  the  adjuvant  biologic  trial  wiil  be 
consented  and  enrolled  after  consenting  to  the  Vanguard  trial,  Patients  will 
then  be  randomized  2:1  to  treatment  or  observation. 

2.  Any  recurrence  or  SPT  will  be  treated  definitively 


Protocol  20034W24 
Raised  October  13*  2(106 
Pige  13 

4.0  Patient  Eligibility 

4.1  Inclusion  criteria 

1.  Patients  with  either:  a)  histologically  proven  stage  I,  II,  Ilia  NSCLC  who  have 
undergone  a  complete  surgical  resection  of  the  primary  tumor  OR  b)  stage  I  or  II 
HNSCC  who  have  undergone  definitive  local  treatment  {surgery  or  radiation 
therapy). 

2.  HNSCC  patients:  Definitive  local  treatment  <  12  months  prior  to  trial  enrollment. 
NSCLC  patients:  Surgery  <  12  months  prior  to  trial  enrollment. 

3.  No  evidence  residual  cancer 

4.  Smoking  history  of  at  least  10  pack  years.  May  be  current  or  former  smoker, 

5.  Performance  status  of  0-2  (Zubrod,  appendix  E) 

6.  Age  >18  years. 

7.  Patients  must  have  no  contraindications  for  undergoing  bronchoscopy. 

8.  Patients  must  have  no  active  pulmonary  infections. 

9.  Participants  must  not  be  taking  oral  non-steroidal  anti-inflammatory  drugs  on  a 
regular  basis. 

10.  Participants  must  have  the  following  blood  levels:  total  granulocyte  count  >1500; 
platelet  count  >  100,000;  total  bilirubin  <  1.5  mg.  %;  and  creatinine  <  1 .5  mg  %. ' 

1 1 .  Participants  must  complete  the  pretreatment  evaluation  and  must  consent  to 
bronchoscopy  and  to  endobronchial  biopsy  for  biomarker  studies. 

12.  All  subjects  who  agree  to  participate  will  be  given  a  written  and  verbal  explanation  of 
the  study  requirements  and  a  consent  form  that  must  be  signed  prior  to  registration. 
Subjects  will  be  informed  that  (a)  they  must  be  willing  to  take  biopsies  through 
bronchoscopy  and  give  blood  samples  at  the  specified  times,  (b)  they  must  schedule 
and  keep  the  specified  follow-up  visits  with  their  physicians  and  the  study  clinics, 
and  (c)  side  effects  and  health  risks  may  occur,  as  described  in  the  informed 
consent  form. 

13.  Subject  must  be  considered  legally  capable  of  providing  his  or  her  own  consent  for 
participation  in  this  study. 

14.  HNSCC  patients  only:  Must  have  no  contraindications  for  undergoing  laryngoscopy. 


4.2  Exclusion  Criteria 

1 .  History  of  radiation  therapy  to  the  chest.  For  those  patients  with  head  and  neck 
cancer  who  received  radiation,  no  more  than  10%  of  the  lung  volume  (apices)  may 
be  included. 

2.  History  of  systemic  chemotherapy.  Exception:  NSCLC  patients  may  have  had  up  to 
4  cycles  of  platinum-based  doublet  therapy, 

3.  Pregnant  or  breast-feeding  (a  negative  pregnancy  test  within  72  hours  of  enrollment 
for  women  with  child-bearing  potential  is  required). 

4.  Participants  with  active  pulmonary  infections  or  recent  history  of  pulmonary  infection 
(within  one  month). 

5.  Participants  with  acute  intercurrent  illness. 


Protocol  2003-0424 
Revised  October  13, 2006 
Page  14 

6.  Participants  requiring  chronic  ongoing  treatment  with  NSAlDs.  (Casual  or  non- 
prescribed  use  of  NSAlDs  is  permitted  as  long  as  their  use  does  not  exceed  one 
week  at  a  time). 

7.  Participants  with  history  of  stroke,  uncontrolled  hypertension,  and/or  uncontrolled 
angina  pectoris. 

8.  Patients  may  not  take  high  dose  antioxidants  (vitamins  E  or  C)  during  the  study 
period.  “High  dose"  will  be  determined  by  the  study  investigators, 

9.  Patients  may  not  take  high  dose  synthetic  or  natural  Vitamin  A  derivatives  (>  1 0,000 
1U  per  day), 

10.  History  of  biologic  therapy. 


5.0  Treatment  Plan 

Patients  who  meet  the  eligibility  criteria  will  be  enrolled  into  the  Vanguard  Trial  and  followed 
for  a  total  of  36  months.  Patients  who  are  entered  into  the  adjuvant  biologic  trial  will  be 
followed  on  a  similar  schedule.  All  patients  will  undergo  radiographic,  bronchoscopic  and 
serologic  procedures  at  specific  time  periods  during  the  study. 

We  anticipate  this  study  will  be  activated  in  August,  2004  and  will  be  completed  in  Auqust 
2008.  a  ' 


5.1  Severe  Dysplasia/Carcinoma  in  Situ 

Any  participants  found  to  have  severe  dysplasia  or  carcinoma  in  situ  at  initial  or  subsequent 
bronchoscopy  will  be  strongly  encouraged  to  undergo  additional  bronchoscopies  at  6- 
month  intervals.  Any  participant  discovered  to  have  invasive  carcinoma  at  any  time  during 
the  study  will  be  referred  for  appropriate  intervention  (CIS  pathway  Appendix  B). 

5.2  Smoking  Cessation  Program 

Any  participant  who  is  a  current  smoker  will  be  offered  participation  in  a  smoking  cessation 
program. 

5.3  Patient  Recruitment 

MD  Anderson  Cancer  Center:  Patients  will  be  recruited  for  this  study  by  working  closely 
with  thoracic  surgeons  and  head  and  neck  surgeons.  Representatives  from  Thoracic/Head 
&  Neck  Medical  Oncology  (i.e.,  the  principal  and  co-principal  investigators,  the  research 
nurse)  will  attend  the  weekly  surgical  conferences  to  identify  potential  subjects.  In  addition, 
the  research  nurse  will  review  patient  lists  from  the  Surgical,  Thoracic,  and  Head  &  Neck 
Clinics  as  well  as  lists  of  patients  who  were  screened  unsuccessfully  for  other  protocols, 

This  study  will  also  be  publicized  by  brochures  in  the  Thoracic  and  Head  &  Neck  Clinics 
and  on  the  MDACC  website. 
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6.0  Study  Evaluations 

6.1  Pre-Study  Evaluations 

Unless  otherwise  noted,  labs,  physical  exams,  imaging  studies,  and  the  laryngoscopy  are 

to  be  performed  within  4  weeks  of  beginning  participation  in  this  study. 

6.1.1  Signed  informed  consent 

6.1.2  Medical  history  including  smoking  history  {duration  and  intensity) 

6.1.3  Physical  exam:  including  height,  weight,  Zubrod  performance  status  assessment. 

Vital  signs  including  pulse,  blood  pressure,  temperature 

6.1.4  Bronchoscopy 

6.1.5  Bucca!  brushing 

6.1.6  Sputum  and  saliva  sample 

6.1.7  Serum  sample  for  biomarkers 

6.1.8  Serum  chemistry  and  electrolytes  to  include:  BUN,  creatinine,  total  bilirubin,  SGPT, 
alkaline  phosphatase,  albumin 

6.1.9  Hematology  to  include:  CBC  with  automated  differential  and  platelet  count 

6. 1.10  Chest  x-ray 

6.1.11  CT  scan  of  chest 

6.1.12  Laryngoscopy  for  patients  with  prior  head  and  neck  cancers 

6.1.13  PT 

6.1 .14  Pregnancy  test  (urine  or  serum)  for  women  of  childbearing  potential  only. 

6.2  Treatment  Evaluations  while  on  study 

The  participant  will  be  observed  on  the  Vanguard  trial  for  a  minimum  of  36  months. 

Treatment  evaluations  will  consist  of  the  following  study  activities: 

6.2.1  Medical  history  and  physical  exam  at  months  6,12,  18,  24,  30,  and  36.  (The  exams 
at  18  and  30  months  will  be  nursing  visits). 

6.2.2  Bronchoscopy  at  months  12,  24  (optional),  and  36  (optional).  Assessment  of 
histology  and  biomarkers  will  be  performed  in  the  tissue  biopsy  at  the  same  time.  If 
an  intercurrent  illness  coincides  with  a  time  period  where  bronchoscopy  is 
scheduled,  the  bronchoscopy  will  be  delayed  30  days  or  until  resolution  of  the 
illness. 

6.2.3  Buccal  brushing  at  months  12,  24  (optional),  and  36  (optional). 

6.2.4  Sputum  and  saliva  sample  at  months  12,  24  (optional),  and  36  (optional). 

6.2.6  Serum  chemistry  and  electrolytes  to  include  BUN,  creatinine,  SGPT,  total  bilirubin, 
alkaline  phosphatase,  albumin  at  months  6, 12,  18,  24,  30  and  36.  After  36  months, 
the  participant  will  have  assessments  every  12  months  for  as  long  as  s/he  remains 
observed  on  the  study. 

6.2.7  Hematology  to  include:  CBC  with  automated  differential  and  platelet  count  at  month 
6, 12, 18,  24,  30  and  36.  After  36  months,  the  participant  will  have  assessments 
every  12  months  for  as  long  as  s/he  remains  observed  on  the  study. 
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6.2.8  Serum  samples  for  biomarkers  will  be  collected  at  months  6, 12,  18,  24,  30  and  36. 
After  36  months,  the  participant  will  have  assessments  every  12  months  for  as  long 
as  s/he  remains  observed  on  the  study. 

6.2.9  Chest  x-ray  at  6,  12,  18,  24,  30  and  36  months. 

6.2.10  Chest  CT  at  6,  12,  18,  24,  30  and  36  months.  If  an  intercurrent  illness  coincides  with 
a  time  period  where  CT  is  scheduled,  the  CT  will  be  delayed  30  days  or  until 
resolution  of  the  illness. 

6.2.1 1  Head  neck  exam  with  laryngoscopy  at  12  months  for  patients  with  prior  head  and 
neck  cancer. 

6.2.12  Pregnancy  test  (serum  or  urine)  will  be  conducted  if  a  participant  suspects  she  is 
pregnant. 

6.2.13  PT  at  12,  24,  and  36  months. 

6.3  Long-term  follow-up 

Ail  participants  will  be  followed  until  approximately  36  months  after  study  enrollment  at 
which  time  repeat  testing  and  assessment  will  be  done  including  optional  bronchoscopy. 
Participants  will  then  be  followed  with  physical  exams  at  6  month  intervals  until  the  study  is 
completed.  Every  12  months  (i.e.,  month  48,  month  60,  etc.)  the  physical  exam  will  be 
done  by  a  physician.  The  other  physical  exams  will  be  done  by  a  registered  nurse.  Follow¬ 
up  will  continue  for  at  least  one  year  after  the  final  participant  enrolled  completes  a  36 
month  evaluation  ora  maximum  follow-up  of  6  years. 

6.4  Early  withdrawal 

Early  withdrawal  is  defined  as  a  participant  who  is  unable  to  continue  participation  on  the 
study,  participant  refusal,  or  noncompliance.  The  following  study  activities  will  be 
completed  at  early  withdrawal  or  at  the  end  of  study. 

6.4.1  Medical  history  including  documentation  of  smoking  status 

6.4.2  Physical  exam 

6.4.3  Radiologic/  (optional)  bronchoscopic  assessment  with  tissue/sputum/washings 
samples 

6.4.4  Serum  chemistry  and  electrolytes  to  include:  BUN,  creatinine,  total  bilirubin,  SGPT, 
alkaline  phosphatase,  and  albumin. 

6.4.5  Hematology  to  include:  CBC  with  automated  differential  and  platelet  count 

6.4.6  Serum  collection  for  biomarker  studies 

6.4.7  Record  for  concomitant  medications. 

6.4.8  Monitor  for  adverse  events. 


7.0  Study  Procedures/Tests 
7.1  Bronchoscopy 

Bronchoscopies  will  be  performed  at  baseline  and  at  months  12,  24  (optional)  and  36 
(optional)  while  participating  in  the  study.  White-light  alone  or  white  light  and 
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autofluorescence  modalities  may  be  used,  both  are  preferred.  Any  carcinoma  in  situ  found 

during  the  series  of  bronchoscopies  will  be  documented  and  treated  with  ablation  {see 

Appendix  B). 

1.  Bronchoscopy:  Study  subjects  wili  undergo  autofluorescence  and  white-iight 
bronchoscopy  after  being  NPO  in  regard  to  solid  food  for  a  minimum  of  six  hours 
and  NPO  for  oral  medications  and  small  amounts  of  liquids  for  two  hours  prior  to  the 
procedure.  The  participant  will  be  monitored  with  continuous  eiectro-cardiographic, 
respiratory,  and  oximetric  monitoring,  with  intermittent  blood  pressure  monitoring.  A 
complete  endobronchial  inspection  will  be  performed  and  suspicious  areas  under 
white-light  and  autofiuorescence  bronchoscopy  will  be  identified  and  recorded  for 
subsequent  biopsies  and  brushings.  Specimens  will  be  used  to  analyze  biomarkers, 
genomic  and  proteomic  studies  and  histologic  assessment. 

2-  Bronchial  secretions  collection:  During  the  bronchoscopy  procedure,  after  the 
bronchoscope  has  passed  beyond  the  vocal  cords,  a  trap  will  be  placed  in  the 
suction  line  and  bronchial  secretions  will  be  suctioned,  collected  and  saved  until  the 
initiation  of  endobronchial  biopsy  and  brushing  procedures.  Additional  normal  saline 
may  be  instilled  on  each  side  of  the  bronchial  tree  until  a  minimum  volume  of  15  ml. 
is  retrieved,  These  liquids  are  saved  for  cytoiogical  and  biological  marker  analyses. 

3-  Bronchoalveolar  lavage:  Following  collection  of  bronchial  secretions,  the 
bronchoscope  will  be  wedged  in  the  right  middle  lobe  or  lingular  orifice.  Three  20  ml 
aliquots  of  sterile  saline  will  be  sequentially  instilled,  retrieved  by  gentle  suction, 
pooled,  and  placed  on  ice  for  later  analysis  and  storage.  The  volume  of  recovered 
effluent  will  be  recorded. 

4-  Endobronchial  biopsies:  Biopsies  will  be  taken  from  six  predetermined  sites  even  if 
they  appear  normal  under  white  light  or  autofiuorescence  bronchoscopy:  main 
carina,  carinas  at  both  upper  lobe  orifices,  carina  at  right  middle  lobe  orifice,  carina 
between  RB  9  and  RB  10  and  carina  between  LB  9  and  LB  10.  Biopsies  will'  also  be 
taken  from  any  additional  sites  that  appear  abnormal  under  white  light  and/or 
autofiuorescence  bronchoscopy.  If  a  biopsy  cannot  be  obtained  at  an  abnormal  site, 
then  a  brushing  alone  of  that  site  will  be  performed.  If  possible,  biopsies  will  be 
taken  in  such  a  fashion  that  not  all  of  a  potential  marker  lesion  is  removed.  On 
followup  bronchoscopies,  the  six  predetermined  sites  and  the  sites  that  had 
histologic  dysplasia  determined  to  be  mild  or  greater  will  be  re-biopsied.  One  or 
more  biopsy  may  be  cultured  to  obtain  respiratory  epithelial  cells.  Depending  on 
participant  tolerance  and  operator  discretion,  endobronchial  biopsies  may  be 
terminated  at  any  time;  however,  an  attempt  will  be  made  to  biopsy  between  6  and 
12  sites  on  each  participant.  Additional  sites  may  be  biopsied  if  deemed  clinically 
indicated,  but  more  than  12  endobronchial  biopsies  will  not  be  routinely  taken. 
Bronchial  brushings  may  be  performed  based  on  patient  tolerance  and  yield  of 
biopsies. 

3-  Bronchial  brushings:  Following  completion  of  each  biopsy,  a  bronchial  brushings  will 
be  taken  from  the  region  adjacent  to  the  biopsy  site.  Bronchial  brushings  will 
therefore  be  obtained  from  the  six  predetermined  carinas  (main  carina,  carinas  at 
both  upper  lobe  orifices,  carina  at  right  middle  lobe  orifice,  carina  between  RB  9  and 
RB  10  and  carina  between  LB  9  and  LB10).  Brushings  will  also  be  taken  from  any 
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additional  sites  that  appear  abnormal  under  white  light  and/or  autofluorescence 
bronchoscopy.  A  brushing  alone  will  be  performed  at  any  an  abnormal  site  that 
cannot  be  biopsied.  On  followup  bronchoscopies,  the  six  predetermined  sites  and 
the  sites  that  had  histologic  dysplasia  determined  to  be  mild  or  greater  will  be  re- 
brushed. 

6.  Bronchial  washings:  Following  the  collection  of  bronchial  secretions  and 

bronchoalveolar  lavage,  the  trap  in  the  suction  line  will  be  changed.  Any  bronchial 
secretions  will  be  suctioned,  collected,  and  saved  until  the  completion  of  the 
procedure  and  withdrawal  of  the  bronchoscope  above  the  vocal  cords.  Additional 
normal  saline  may  be  instilled  on  each  side  of  the  bronchial  tree  until  a  minimum 
volume  of  15  ml.  is  retrieved.  These  liquids  are  saved  for  cytological  and  biological 
marker  analyses. 

7.2  Repeat  Bronchoscopy 

All  evaluable  study  participants  will  have  repeat  bronchoscopies  with  biopsies,  brushes, 
and  washes  at  months  12,  24  (optional)  and  36  (optional)  while  participating  in  the  study. 
Biopsy,  brush,  and  wash  samples  will  be  obtained  from  the  same  sites  sampled  in  the  initial 
bronchoscopy.  New  abnormal  areas  detected  by  bronchoscopy  will  also  be  biopsied. 
Histologic  assessment  will  be  performed  to  determine  whether  malignant  changes  have 
occurred  during  the  time  period. 

7.3  Sputum  Samples 

All  registered  participants  will  undergo  sputum  collection  prior  to  bronchoscopy  at  baseline 
and  months  12,  24  (optional)  and  36  (optional)  while  participating  in  the  study.  Sputum 
samples  will  be  analyzed  cytologically,  and  specimens  will  be  stored  for  biomarker  studies. 

7.4  Buccal  Brushings 

All  registered  participants  will  undergo  buccal  brushings  from  the  inner  left  cheek  at 
baseline  and  months  12,  24  (optional)  and  36  (optional)  while  participating  in  the  study  to 
investigate  evidence  for  tobacco-induced  histologic  and  genetic  alterations.  This  procedure 
may  be  found  to  serve  as  a  surrogate  marker  of  damage  incurred  in  the  bronchial  tree. 

7.5  Saliva 

All  registered  participants  will  have  saliva  collected  at  baseline  and  months  12,  24 
(optional)  and  36  (optional)  while  participating  in  the  study  to  investigate  evidence  for 
tobacco-induced  histologic  and  genetic  alterations  and  biomarker  studies. 

7.6  Serologies 

All  registered  participants  will  have  serum  collected  at  baseline  and  month  6,  12,  18,  24,  30 
and  36  while  participating  in  the  study.  Serum  will  be  stored  and  analyzed  for  biomarker, 
genomic  and  proteomic  studies  as  well  as  gene  expression  profiles. 
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8.0  Investigational  Centers 

Patients  wiil  be  seen  and  enrolled  at  the  University  of  Texas  M.  D.  Anderson  Cancer 
Center,  Department  of  Thoracic/Head  and  Neck  Medical  Oncology  clinics,  Houston,  TX. 
Additional  study  sites  include:  1 )  Eisenhower  Army  Medical  Center,  Fort  Gordon,  GA,  2) 
Conemaugh  Memorial  Medical  Center,  Johnstown,  PA,  3)  The  Methodist  Hospital, 
Houston,  TX.  Laboratory  studies  will  also  be  performed  at  each  of  these  sites.  Additional 
sites  may  be  added  throughout  the  study. 

8.1  Investigator  Contact  Information 
Principal  Investigator: 

Waun  Ki  Hong,  MD 

University  of  Texas  M.D.  Anderson  Cancer  Center 

1515  Holcombe  Blvd.,  Unit  432 

Houston,  TX  77030 

Phone:  713-792-6363 

Fax:  713-792-1220 

e-mail:  whono@mdanderson.ora 

Co-Principal  investigator: 

Edward  Kim,  MD 

University  of  Texas  M.D.  Anderson  Cancer  Center 

1515  Holcombe  Blvd.,  Unit  432 

Houston,  TX  77030 

Phone:  713-792-6363 

Fax:  713-792-1220 

e-mail:  edkim@mdanderson.org 

8.2  Investigator  Contact  Information  for  Additional  Sites 

Eisenhower  Army  Medical  Center: 

Col.  Kenneth  Fink,  USA 

Chief,  Hematology/Oncology  Service 

Department  of  the  Army 

Dwight  David  Eisenhower  Army  Medical  Center 

Fort  Gordon,  GA  30905 

706-787-2527 


Conemaugh  Memorial  Medical  Center: 

Ibrahim  Sbeitan,  M.D. 
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Conemaugh  Memorial  Medical  Center 
1086  Franklin  Street 
Johnstown.  PA  15905-4398 
814-534-9165 

The  Methodist  Hospital: 

Hector  A.  Preti,  M.D. 

6560  Fannin,  Suite  2202 
Scurlock  Tower 
Houston,  TX  77030 
(713)  795-0933 

9.0  Criteria  for  Discontinuation  on  Study 

Patients  will  be  removed  from  the  study  for  any  of  the  following  reasons: 

1.  Patient  requests  to  withdraw 

2.  Unwilling  or  unable  to  comply  with  study  requirements 

3.  Identification  or  recurrent  or  new  cancer 

4.  Unrelated  intercurrent  illness  that  will  affect  assessment  of  clinical  status  to  a 
significant  degree  as  determined  by  the  principai  investigator  or  the  treating 
physician 

5.  The  treating  physician  or  investigator  must  discontinue  study  if  he/she  thinks  that  the 
patient’s  health  or  well-being  is  threatened  by  continuation  on  study. 

Appropriate  safety  monitoring  will  continue  until  the  patient  is  discharged  from  the  study. 
Patients  withdrawn  from  the  study  will  be  followed  for  survival.  The  reason  for  and  date  of 
the  discontinuation  will  be  obtained. 

if  a  patient  is  non-compliant  or  lost  to  follow-up,  the  research  nurse  or  his/her  designee  will 
make  three  attempts  to  call  the  patient  over  the  period  of  one  month.  These  attempts  will 
be  documented,  if  the  research  nurse  or  his/her  designee  is  unable  to  make  contact  with 
either  the  patient  or  a  family  member  after  three  phone  calls,  then  a  letter  will  be  sent  to  the 
patient’s  last  known  address. 

10.0  Adverse  Events 

10.1  Assessment  of  Adverse  Event  Severity  &  Relationship  to  Study 

All  serious  adverse  events  {defined  below),  whether  or  not  deemed  study-related  or 
expected,  must  be  reported  by  the  Principal  Investigator  or  designee  to  the  HSRRB  and/or 
USAMRMC,  Human  Research  Protection  Office  within  24  hours  (one  working  day)  by 
telephone.  A  written  report  must  follow  as  soon  as  possible,  which  includes  a  full 
description  of  the  event  and  any  sequelae.  This  includes  serious  adverse  events  that  occur 
any  time  after  the  inclusion  of  the  subject  in  the  study  (defined  as  the  time  when  the  subject 
signs  the  informed  consent)  up  to  30  days  after  the  subject  completed  or  discontinued  the 
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study,  The  subject  is  considered  completed  either  after  the  completion  of  the  last  visit  or 
contact  (e.g.,  phone  contact  with  the  Investigator  or  designee).  Discontinuation  is  the  date 
a  subject  and/or  Investigator  determines  that  the  subject  can  no  longer  comply  with  the 
requirements  for  any  further  study  visits  or  evaluations  (e.g.,  the  subject  is  prematurely 
discontinued  from  the  study).  An  adverse  event  temporarily  related  to  participation  in  the 
study  should  be  documented  whether  or  not  considered  to  be  related  to  the  test  article. 

This  definition  includes  intercurrent  illnesses  and  injuries  and  exacerbations  of  preexisting 
conditions.  Include  the  following  in  all  IND  safety  reports:  Subject  identification  number 
and  initials;  associate  investigator’s  name  and  name  of  MTF;  subject's  date  of  birth, 
gender,  and  ethnicity;  test  article  and  dates  of  administration;  signs/symptoms  and  severity; 
date  of  onset;  date  of  resolution  or  death;  relationship  to  the  study  drug;  action  taken; 
concomitant  medication(s)  including  dose,  route,  and  duration  of  treatment,  and  date  of  last 
dose. 

A  serious  adverse  event  is  any  event  that  is:  fatal;  life-threatening  (life-threatening  is 
defined  as  the  patient  was  at  immediate  risk  of  death  from  the  adverse  event  as  it 
occurred);  significantly  or  permanently  disabling;  or  requires  in-patient  hospitalization, 

Important  medical  events  that  may  not  result  in  death,  be  life-threatening,  or  require 
hospitalization  may  be  considered  a  serious  adverse  drug  experience  when,  based  upon 
appropriate  medical  judgment,  they  may  jeopardize  the  patient  or  subject  and  may  require 
medical  or  surgical  intervention  to  prevent  one  of  the  outcomes  listed  in  this  definition  In 
addition,  laboratory  value  changes  may  require  reporting. 

Reports  of  all  serious  adverse  events  must  be  communicated  to  the  appropriate 
Institutional  Review  Board  (IRB)  or  ethical  review  committee  and/or  reported  in  accordance 
with  local  laws  and  regulations. 

10.2  Procedures  for  Reporting  Serious  Adverse  Events 

Serious  and/or  unexpected  adverse  events  are  submitted  in  writing  to  the  M.D.  Anderson 
Cancer  Center  Institutional  Office  of  Protocol  Research  (OPR)  within  10  working  days  of 
the  adverse  experience.  Unexpected  fatal  or  life-threatening  experiences  are  phoned 
immediately  to  the  Office  of  Protocol  Research  (713-792-2933).  A  follow  up  written  report 
is  submitted  to  OPR  within  10  working  days.  The  form  for  communication  to  OPR  of  all 
serious  adverse  events  is  appended  to  this  plan. 

Reports  of  ail  serious  adverse  events  must  be  communicated  to  the  appropriate 
Institutional  Review  Board  (IRB)  or  ethical  review  committee  and/or  reported  in  accordance 
with  local  laws  and  regulations.  Adverse  experiences  that  are  both  serious  and  unexpected 
will  be  immediately  reported  by  telephone  to  the  USAMRMC,  Human  Research  Protection 
Office  (301-619-2165)  and  send  information  by  facsimile  to  301-619-7803,  A  written  report 
will  follow  the  initial  telephone  call  within  3  working  days.  Address  the  written  report  to  the 
U.S.  Army  Medical  Research  and  Material  Command,  ATTN:  MCMR-HRPO  504  Scott 
Street,  Fort  Detrick,  Maryland  21702-5012. 
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For  all  protocols  conducted  at  M.D.  Anderson  Cancer  Center,  the  Principal  Investigator  is 
responsible  for  submitting  adverse  event  reports  to  the  Institutional  !RB  and  the  HSRRB 
and/or  USAMRMC,  Human  Research  Protection  Office  on  an  ongoing  basis.  Adverse 
event  reports  are  submitted  to  the  Institutional  Office  of  Protocol  Research  (OPR),  where 
they  are  entered  into  PDMS  and  forwarded  to  the  designated  IRB  vice  chairperson  for 
review.  Attached  to  each  adverse  event  report  is  a  listing  of  all  prior  adverse  events 
submitted  for  that  protocol.  Any  comments,  questions  or  changes  the  IRB  requests  to  the 
protocol  as  a  result  of  this  review  are  conveyed  to  the  principal  investigator.  The 
investigator  response  and  protocol  modification  process  is  monitored  by  the  IRB  vice- 
chairperson  and  OPR  support  staff.  The  vice  chairperson  presents  the  report  on  adverse 
event  review  to  the  full  committee  at  the  next  IRB  meeting. 

An  adverse  event  report  compilation  is  provided  once  annually  to  the  M.D.  Anderson 
Cancer  Center  IRB.  Comments,  questions  or  other  considerations  from  the  IRB  are 
conveyed  to  the  principal  investigator  for  evaluation,  discussion  and  implementation. 

10.3  Reporting  of  Subject  Death 

The  death  of  any  subject  during  the  study  or  within  30  days  of  study  completion  (as  defined 
above),  regardless  of  the  cause,  must  be  reported  within  24  hours  by  telephone,  to  the 
principal  investigator  and/or  study  coordinator  and  the  HSRRB  and/or  USAMRMC,  Deputy 
for  Human  Research  Protection  Office.  A  full  written  report  must  follow  as  soon  as 
possible,  if  an  autopsy  is  performed,  the  report  must  be  provided  to  the  Sponsor. 

Reports  of  all  serious  adverse  events,  including  deaths,  must  be  communicated  to  the 
appropriate  Institutional  Review  Board  or  ethical  review  committee  and/or  reported  in 
accordance  with  local  law  and  regulations. 

10.4  Known  Adverse  Events  Relating  to  the  Underlying  Clinical  Condition 

These  will  be  reported  on  the  chart  and  in  the  study  case  report  forms. 


1 1 .0  Statistical  Considerations  Statistical  Considerations 

in  this  proposed  vanguard  trial,  we  will  provide  comprehensive  risk  assessment  and 
screenings  for  current  and  former  smokers  with  definitively-treated  stage  I/ll  lung  or  head 
and  neck  cancer.  The  main  goals  are  (1)  to  characterize  the  patterns  of  failure  including 
recurrence,  smoking  related  second  primary  tumor  (SPT),  and  disease-specific  death;  (2) 
to  identify  high-risk  individuals;  and  (3)  to  evaluate  the  prognostic  significance  of  molecular 
and  diagnostic  markers  such  as  the  ground  glass  lesions  (GGL). 

The  target  accrual  is  to  enroll  350  patients  over  three  years.  It  is  expected  that  we  will 
recruit  70%  lung  cancer  patients  and  30%  head/neck  cancer  patients.  In  both  groups, 
approximately  60%  will  be  former  smokers  and  40%  current  smokers.  The  primary  endpoint 
of  the  study  is  smoking-related  disease-free  survival  (S-DFS)  defined  as  time  from 
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registration  to  the  development  of  recurrence,  smoking  related  SPT,  or  disease-specific 
death,  whichever  occurs  first.  The  rate  and  pattern  of  each  and  overall  failure  will  be 
computed  and  summarized.  Kaplan-Meier  survival  curves  will  be  constructed  with  95% 
confidence  intervals.  Point  estimates  and  Greenwood  variance  estimators  for  the  smoking 
related  disease-free  survival  rates  at  each  year  of  follow-up  will  also  be  computed. 

Based  on  our  prior  two  large,  multi-center  chemoprevention  trials  (one  in  lung  cancer  and 
one  in  head/neck  cancer  with  similar  eligibility  criteria),  we  estimate  the  smoking  related 
progression  or  death  rate  is  9.2%  per  year  (5-Year  S-DFS  =  62%)  and  6.2%  per  year  (5- 
Year  S-DFS  =  73%)  in  the  lung  cancer  and  head/neck  cancer  patients,  respectively.  We 
estimate  70%  of  our  lung  cancer  patients  (n=172)  will  receive  adjuvant  chemotherapy  with 
5-year  S-DFS  of  67%;  equivalent  to  an  annual  smoking  related  progression  or  death  rate  of 
7.8%.  Under  the  exponential  model,  it  is  expected  that  the  progression  or  death  rate  for  the 
whole  group  will  be  (0.21  x  9.2%)  +  (0.49  x  7.8%)  +  (0.3  x  6.2%)  =  7,6%  per  year.  This  is 
equivalent  to  1-year,  3-year,  and  5-year  S-DFS  of  92%,  79%,  and  67%,  respectively, 

We  performed  power  calculations  to  detect  the  significance  of  a  prognostic  factor  with  3 
years  of  accrual  plus  three  additional  years  of  follow-up  and  a  total  of  350  patients.  The  log- 
rank  test  will  be  used  and  a  two-sided  5%  error  rate  is  assumed  throughout.  If  we  divide  the 
group  by  the  median  of  a  prognostic  factor,  it  wili  result  in  a  50%-50%  split  between  the 
low-risk  and  high-risk  group.  With  the  overall  S-DFS  rate  holding  at  7.6%  and  an 
assumption  of  a  hazard  ratio  of  2,  the  corresponding  annual  event  rates  are  5.2%  and  10% 
for  the  low-risk  and  high-risk  groups,  respectively.  Based  on  the  above  assumptions,  we 
will  have  92%  power  to  detect  a  hazard  ratio  of  2. 

We  also  performed  power  calculations  by  varying  the  ratio  of  patients  in  the  high-risk;  low- 
risk  groups  and  by  varying  the  hazard  ratio.  The  overall  event  rate  remains  at  7.6%  per 
year.  Statistical  power  figures  are  summarized  in  the  following  table. 


Nhigh-risk  :Nlow-risk 

Hazard  Ratio 

1.75 

2.00 

2.25 

1:1 

79% 

92% 

97% 

1:2 

80% 

92% 

97% 

1:3 

75% 

89% 

96% 

1:4 

71% 

86% 

94% 

With  a  total  of  350  patients,  we  will  have  86%  to  92%  power  to  identify  a  prognostic  factor 
with  a  hazard  ratio  of  2  when  the  high-risk  proportion  ranges  from  20%  to  50%,  The 
statistical  power  will  reach  79%  if  the  hazard  ratio  is  1.75  and  97%  if  a  hazard  ratio  is  2.25 
with  equal  proportion  of  high-risk  and  low-risk  patients. 

As  mentioned  in  the  study  design  earlier,  we  expect  280  (80%  of  all  patients)  patients  will 
participate  in  four  sequentially  planned,  biologic  agent  trials.  The  remaining  70  patients  will 
be  untreated.  The  relative  short-term  treatment  duration  (12  months)  may  or  may  not  alter 
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the  clinical  endpoints.  Comparisons  will  be  made  between  various  biologic  agent  groups 
and  no-treatment  groups  in  terms  of  S-DFS  and  other  endpoints.  If  differences  are  found, 
the  biologic  agent  groups  will  be  treated  separately.  Otherwise,  they  will  be  combined  to 
evaluate  the  prognostic  effect  of  other  risk  factors.  Secondary  analyses  will  also  be 
performed  to  evaluate  the  clinical  outcomes  among  various  groups.  Specifically,  of  70 
patients  in  each  of  the  4  sequential  trials,  20  patients  will  be  randomized  into  the  control 
group  and  50  patients  will  be  randomized  to  receive  active  treatment.  Therefore,  we  will 
have  20x4  +  70  =  150  patients  in  the  vanguard  study  who  will  not  receive  any  active 
agents,  Control  patients  will  be  analyzed  to  test  for  any  trial-specific  difference  or  time  trend 
and  will  be  combined  if  no  differences  are  found  among  the  various  control  groups.  Clinical 
outcomes  between  each  of  the  active  biologic  agent  groups  can  be  compared  with  the 
combined  control  group.  With  50  patients  in  each  biologic  agent  study  and  150  patients  in 
the  control  group,  we  will  have  62%,  74%,  and  82%  power  to  detect  a  hazard  ratio  of  2.5, 
3.0,  and  3.5,  respectively.  Hierarchical  Bayes  models  can  be  applied  to  evaluate  the 
similarity  or  difference  among  various  groups  across  all  trials  (46,  47). 

In  addition,  the  Cox  proportional  hazard  regression  model  will  be  applied  to  incorporate  all 
potential  prognostic  variables  including  biomarkers  and  treatment  to  evaluate  their  effect  on 
the  time-to-event  outcomes.  Transformation  to  the  variables  will  be  applied  whenever 
appropriate  to  enhance  the  model  fitting.  The  proportional  hazard  assumption  will  be 
evaluated  graphically  and  analytically,  and  regression  diagnostics  (e.g.,  martingale  and 
Shoenfeld  residuals)  will  be  examined  to  ensure  that  the  models  are  appropriate  (48). 
Violations  of  the  proportional  hazards  assumption  will  be  addressed  by  use  of  time- 
dependent  covariates  or  extended  Cox  models.  The  possibility  of  co-linearity  will  be 
reduced  through  the  careful  initial  assessment  of  correlations  among  all  study  covariates. 

Other  than  the  possibility  of  receiving  the  optional  12  months  of  biologic  agents,  there  is  no 
treatment  in  the  vanguard  trial.  Consequently,  no  interim  analysis  or  early  stopping  rule  is 
planned  in  the  vanguard  study.  All  data  will  be  prospective  acquired  to  evaluate  the 
effectiveness  of  screening  modalities,  to  identify  prognostic  factors  and  high-risk 
individuals,  and  to  evaluate  the  short-term  and  long-term  effect  of  the  therapy,  All  the  study 
results  will  be  carefully  assembled  and  thoroughly  analyzed.  The  study  findings  will  help  us 
identifying  efficacious  agents  and  their  combinations,  effective  screening  strategies, 
endpoints,  and  relevant  study  population  for  a  future  large-scale,  definitive,  prevention 
study. 


12.0  Concomitant  Medications 

All  concomitant  medications  will  be  recorded. 

The  best  supportive  care  and  treatment  will  be  given  to  each  participant  (antibiotics, 
transfusions,  diet,  etc.) 

No  concurrent  investigational  agents  will  be  permitted. 

No  concurrent  antineoplastic  agents  or  hormonal  anticancer  therapy  will  be 
permitted. 

No  concurrent  radiotherapy  will  be  permitted, 
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Participants  taking  cyclooxygenase  inhibitors,  lipoxygenase  inhibitors,  NSAIDs,  and 
steroids  will  be  encouraged  to  refrain  from  taking,  if  possible,  while  on  study  and  at 
least  4  weeks  prior  to  enrollment. 

Other  Concomitant  T reatment 

Systemic  retinoids  and  herbal  medicines  or  remedies  (including  green  tea)  must  be 
discontinued  before  entry  into  the  trial  and  are  not  allowed  during  the  trial.  Patients 
may  not  be  taking  high-dose  vitamin  A  within  30  days  of  study  entry. 

Other  medication,  which  is  considered  necessary  for  the  participant's  safety  and  well  being, 
may  be  given  at  the  discretion  of  the  investigator(s). 


13.0  Methods  for  Biomarker  Analysis 

All  samples  will  be  processed  and  stored  via  the  pathology  department.  Then,  the  samples 
will  be  distributed  to  specific  investigators  for  studies  including  biomarkers  of  apoptosis  and 
cell  proliferation,  gene  expression  profiling,  genomics,  proteomics,  and  other  specified 
biomarkers  of  intermediate  response. 


14.0  Study  Administration  and  Investigator  Obligations 

14.1  Replacement  of  Subjects 

Participants  who  withdraw  from  the  study  prior  to  completion  of  the  study  treatments  for 
reasons  other  than  serious  adverse  events,  unacceptable  toxicity  or  progressive  disease 
will  be  defined  as  dropouts  and  will  be  replaced.  Replacement  participants  will  be  assigned 
the  next  sequential  number, 

14.2  Protocol  Compliance 

The  attending  physician  and  oncology  research  nurse  will  evaluate  each  participant  at  the 
initial  clinic  visit  to  determine  whether  the  participant  qualifies  for  the  study  and  at  each 
clinic  visit  thereafter  to  determine  readiness  for  bronchoscopic  procedures.  All  required 
interim  and  pretreatment  data  will  be  available  to  them  for  evaluation. 

14.3  Institutional  Review  Board 

This  study  must  have  the  approval  of  a  properly  constituted  Hospital  Ethics  Committee, 
Regional  Ethics  Committee,  or  other  Institutional  Review  Board  (IRB). 

The  investigator  must  also  report  all  serious  and  medically  significant  adverse  events  to  the 
IRB  or  Ethics  Committee,  as  well  as  the  USAMRMC,  Human  Research  Protection  Office 
(see  section  10.1). 


14.4  Informed  Consent 
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All  study  participants  must  sign  and  date  an  informed  consent  form  prior  to  study 
participation.  The  investigator  will  be  responsible  for  designing  the  consent  form  using 
appropriate  National  or  Regional  Guidelines  (equivalent  to  the  American  Federal 
Guidelines  Federal  Register  July  27, 1981,  or  21  CRF  Part  50,  or  International  Committee 
on  Harmonization-Good  Clinical  Practice). 

The  informed  consent  form  must  be  approved  by  the  IRB  or  Ethics  Committee.  State  and 
local  laws,  and/or  institutional  requirements  may  require  the  disclosure  of  additional 
information  on  the  informed  consent  form, 

A  copy  of  the  informed  consent  form  will  be  given  to  the  participant.  The  investigator  will 
keep  each  participant’s  signed  informed  consent  form  on  file  for  inspection  by  a  regulatory 
authority  at  any  time, 

14.5  Record  Retention 

The  investigator  and  other  appropriate  study  staff  will  be  responsible  for  maintaining  all 
documentation  relevant  to  the  study.  Such  documentation  includes: 

Case  Report  Forms— must  be  legible,  accurate,  and  up-to-date. 

Copies  of  all  Serious  AE  reporting  forms  faxed  to  the  USAMRMC,  Human  Research 
Protection  Office. 

Participant  Files— should  substantiate  the  data  entered  in  the  CRFs  with  regard  to 
laboratory  data,  participant  histories,  treatment  regimens,  etc. 

Participant  Exclusion  Log — should  record  the  reason  any  participant  was  screened 
for  the  study  and  found  to  be  ineligible. 

Drug  Dispensing  Log— should  record  the  total  amount  of  study  drug  received  and 
returned  to  sponsor,  and  the  amount  distributed  and  returned  or  destroyed.  This 
information  must  agree  with  the  information  entered  in  the  CRFs. 

Informed  Consent  Forms — completed  consent  forms  from  each  participant  must  be 
available  and  verified  for  proper  documentation. 

Informed  Consent  Log — must  identify  all  participants  who  signed  an  Informed 
Consent  Form  so  that  the  participants  can  be  identified  by  audit. 

The  Investigator  must  keep  on  file  protocols,  amendments,  IRB  approvals,  all  copies  of 
Form  FDA  1572,  all  correspondence,  and  any  other  documents  pertaining  to  the  conduct  of 
the  study  for  a  minimum  of  two  (2)  years  after  notification  by  USAMRMC,  Human  Research 
Protection  Office  of  either  FDA  approval  or  discontinuation  of  the  IND. 

14.6  Case  Report  Forms 

Data  recorded  on  Case  Report  Forms  (CRFs)  must  be  legible  and  complete.  CRFs  will  be 
completed  on  a  timely  basis.  The  individual  making  the  correction  on  the  CRF  must  initial 
and  date  the  correction.  The  investigator  must  review  all  final  and  corrected  CRFs, 
Corrected  copies  of  CRFs  will  be  filed  with  the  corresponding  original. 
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If  a  subject’s  medical  record  is  needed,  it  will  be  requested  by  the  Principal  Investigator  or 
Co-Principal  Investigator.  The  requesting  investigator  (i.e.,  either  the  PI  or  co-PI)  will 
assume  responsibility  for  medical  record  abstraction,  which  will  be  performed  by  an 
oncology  research  nurse  and  the  PI  or  co-PI.  The  PI  and  co-PI  are  medical  oncologists. 

14,7  Study  Monitoring 

The  University  of  Texas  M.D.  Anderson  Cancer  Center  will  monitor  the  study  Investigators 
in  the  Department  of  Thoracic/Head  and  Neck  Oncology,  once  a  year  or  at  appropriate 
intervals  to  assure  satisfactory  enrollment  rate,  data  recording,  and  protocol  adherence. 

The  frequency  of  monitoring  may  vary  depending  on  enrollment  rate  and  the  quality  of  data 
collected.  The  investigator  and  staff  are  expected  to  cooperate  and  provide  all  relevant 
study  documentation  in  detail  at  each  site  visit  on  request  for  review.  M.D.  Anderson 
Cancer  Center  will  randomly  monitor  and/or  audit  the  other  participating  sites  at  appropriate 
intervals  to  assure  satisfactory  protocol  adherence  and  enrollment. 

14.7.1  Medical  Monitoring 

The  medical  monitor  will  review  all  serious  and  unexpected  adverse  events  associated  with 
this  protocol  and  provide  an  unbiased  written  report  of  the  event  within  ten  (10)  calendar 
days  of  the  initial  report.  The  medical  monitor  should  be  a  qualified  physician,  other  than 
the  principal  investigator,  not  associated  with  the  protocol,  able  to  provide  medical  care  for 
research  volunteers  for  conditions  that  may  arise  during  the  conduct  of  the  study,  and  who 
will  monitor  the  volunteers  during  the  conduct  of  the  study.  The  medical  monitor  is  required 
to  review  ail  serious  and  unexpected  adverse  events  (per  ICH  definitions)  associated  with 
the  protocol  and  provide  an  unbiased  written  report  of  the  initial  report.  At  a  minimum  the 
medical  monitor  should  comment  on  the  outcomes  of  the  adverse  event  (AE)  and 
relationship  of  the  AE  to  the  test  article.  The  medical  monitor  should  also  indicate  whether 
he/she  concurs  with  the  details  of  the  report  provided  by  the  study  investigator.  Reports  for 
events  determined  by  either  the  investigator  or  medical  monitor  to  be  possibly  or  definitely 
related  to  participation  and  reports  of  events  resulting  in  death  should  be  promptly 
forwarded  to  the  HSRRB. 

The  medical  monitor  for  this  study  will  be  Aman  U.  Buzdar,  MD: 

Aman  U.  Buzdar,  M.D. 

University  of  Texas  M.D.  Anderson  Cancer  Center 

Department  of  Breast  Medical  Oncology 

1515  Holcombe  Blvd.  -424 

Houston,  Texas  77030  USA 

Phone:  713-792-2817 

Fax:  (713)  794-4385 

email:  abuzdar@mdanderson.ora 


The  medical  monitor  will  forward  reports  to  the  U.S.  Army  Research  and  Material 
Command,  ATTN:  MCMR-HRPO,  504  Scott  Street,  Fort  Detrick,  Maryland,  21702-5012. 
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14.8  Termination  of  Study 

The  HSRRB  and/or  USAMRMC,  Human  Research  Protection  Office  and  M.  D.  Anderson 
will  retain  the  right  to  terminate  the  study  and  remove  all  study  materials  from  the  study  site 
at  any  time.  Specific  instances  that  may  precipitate  such  termination  are  as  follows: 
Unsatisfactory  participant  enrollment  with  regard  to  quality  or  quantity 
Deviation  from  protocol  requirements,  without  prior  approval  from  HSRRB  and  M.  D. 
Anderson. 

Inaccurate  and/or  incomplete  data  recording  on  a  recurrent  basis 

The  incidence  and/or  severity  of  adverse  drug  events  in  this  or  other  studies 

indicating  a  potential  health  hazard  caused  by  the  treatment 

14.9  Study  Amendments 

The  investigator  will  only  alter  the  protocol  to  eliminate  apparent  immediate  hazards  to  the 
participant.  If  preliminary  or  interim  statistical  analysis  indicated  that  the  experimental 
design,  dosages  parameters,  or  selection  of  participants  should  be  modified,  these 
changes  will  be  described  in  an  amendment  to  be  approved  by  the  institution's  and  other 
appropriate  review  committees  after  consultation  with  the  statistician  and  Study  Chairman. 
Any  amendments  cannot  be  enacted  unless  approved  by  the  HSRRB  and/or  USAMRMC, 
Human  Research  Protection  Office.  All  revisions  made  to  protocols  previously  approved  by 
the  IRB  will  be  submitted  to  the  IRB  for  approval  prior  to  implementation  of  the  revision.  If 
the  IRB  decides  to  disapprove  a  research  activity,  it  shall  include  in  its  written  notification  a 
statement  of  the  reasons  for  its  decision  and  give  the  investigator  an  opportunity  to  respond 
in  person  or  in  writing.  No  changes  to  the  protocol  will  be  initiated  unless  also  approved  by 
the  Human  Subjects  Research  Review  Board. 

14.10  Ethical  and  Legal  Considerations 

This  study  will  undergo  full  approval  in  accordance  with  the  human  surveillance 
requirements  of  each  institution.  Blood  samples  will  be  obtained  for  the  evaluations  as 
described  in  the  protocol.  Tissue  samples  obtained  at  the  time  of  prior  surgeries  will  be 
reviewed  before  participant  enrollment  to  confirm  the  participant's  diagnosis.  Measures  will 
be  taken  to  ensure  confidentiality  of  participant  information.  Tissue  samples  will  be 
collected  prospectively  during  the  trial.  Data  collected  on  paper  forms  will  be  stored  in 
locked  file  cabinets  with  restricted  access.  Data  collected  on  electronic  media  will  be 
stored  in  computer  files  with  restricted  password  access.  All  staff  members  in  the  study  will 
be  informed  prior  to  employment  and  at  regular  intervals  of  the  necessity  for  keeping  all 
data  confidential.  Computers  will  not  be  accessible  to  the  public  and  will  be  located  in 
locked  offices.  Subjects  will  be  assigned  a  separate  study  number  to  protect  subject 
identification.  No  patient  identifiers  will  be  used  in  any  publications  of  this  research.  Data 
will  be  maintained  indefinitely.  When  the  time  comes  to  dispose  of  the  data,  all  database 
files  will  be  deleted. 


14.11  Risks/Benefits 
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Participants  will  benefit  from  the  educational  information  provided,  including  counseling  on 
alcohol  and  smoking  cessation,  from  the  regular  follow-up  procedures  required,  and  from 
the  blood  analyses  (i.e.,  electrolytes,  liver  function  tests,  complete  blood  count,  and  platelet 
count).  Participants  will  also  benefit  from  the  close  comprehensive  follow-up  after  their 
surgery  including  additional  imaging  tests.  Participants  may  benefit  from  development  of  a 
risk  model  and  adjuvant  therapy  with  biologic  compounds. 

Participants  will  undergo  several  invasive  procedures  (i.e.,  bronchoscopies)  that  do  have 
associated  risks.  These  risks  will  be  explained  completely  prior  to  consenting  of  the 
participant.  The  following  table  summarizes  risks  associated  with  this  study  and  the  steps 
that  will  be  taken  to  minimize  these  risks: 


Procedure  Risks 

How  risks  will  be  reduced 

Bronchoscopy  with 

bronchoaJveolar  lavage, 
bronchial  washings, 
bronchial  brush  ings,  and 
bronchial  biopsies 

>  Coughing 

>  Bleeding 

>  Collapsed  lung 

>  Minor  sore  throat 

>  Mild  fever 

>  May  cause  breathing  problems 
similar  to  asthma 

>  Bronchitis 

>  Pneumonia 

>  Sedatives  given  during  procedure 
can  decrease  breathing  function 
and/or  level  of  oxygen  in  blood. 

>  May  have  allergic  reaction  to 
sedatives  or  anesthetics 

>  Presedation  assessment  to  identify 

particular  risk  factors 

>  Use  of  conscious  sedation  and 
topical  anesthesia  to  minimize 
discomfort  and  cough. 

>  Establish  adequate  preprocedure 
bleeding  parameters 

>  Monitoring  of  level  of 
consciousness*  cardiovascular  and 
gas  exchange  parameters  during 
procedure  and  recovery. 

Buccal  sample 

>  Pain 

>  Discomfort 

>  Irritation 

>  Bleeding 

>  Brushing*  on  inner  cheek 

performed  lightly  while  patient  is 
under  conscious  sedation 

Laryngoscopy 

>  Discomfort 

>  Gagging 

>  Reaction  to  topical  anesthesia 

>  Nasal  irritation 

>  Nasal  bleeding 

>  Topical  anesthesia  will  be  used  to 

reduce  discomfort  and  gagging 

>  Exams  will  be  performed  by 
experienced  personnel 

Participants  will  not  be  financially  responsible  for  any  study-related  tests  outside  of 
accepted  standard  of  care  follow-up. 


14.12  Gender  and  Minority  inclusion 

Women  and  minorities  will  be  actively  recruited  to  participate  in  the  trial.  However,  since 
only  42%  of  lung  cancer  participants  and  22%  of  laryngeal  cancer  participants  are  female, 
we  expect  to  have  more  male  than  female  subjects  on  the  study.  We  expect  that  the  ethnic 
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distribution  of  the  enrolled  participants  will  reflect  the  local  ethnic  mixture  of  each 
institution's  surrounding  community. 

14.13  Subject  Records 

HSRRB  and/or  USAMRMC,  Human  Research  Protection  Office,  M.D,  Anderson  or  their 
representatives  may  have  access  to  subject  records. 

14.14  Publication  Statement 

Data  will  be  reviewed  by  the  collaborating  biostatistician  prior  to  publication.  HSRRB 
and/or  USAMRMC,  Human  Research  Protection  Office  will  have  30  days  to  review  all 
definitive  publications,  such  as  manuscripts  and  book  chapters,  and  a  minimum  of  10-15 
days  to  review  all  abstracts. 

14.15  Conflict  of  Interest 

It  is  the  policy  of  M.D.  Anderson  that  individuals  responsible  for  the  design,  conduct,  or 
reporting  of  all  research  activities  will  follow  established  guiding  principles  that  govern 
disclosure,  reporting,  and  management  of  potential  conflicts  of  interest.  Full  disclosure  of 
financial  relationships  in  research  is  required. 

If  a  faculty  member  serves  as  a  PI  for  a  study,  he  or  she  cannot  hold  stock  or  options  in  the 
study  sponsor  or  be  on  the  sponsor's  Board  of  Directors.  In  addition,  the  faculty  member 
cannot  receive  consultant  fees  in  excess  of  $10,000  per  year  over  the  previous  36  months 
from  a  study  sponsor. 

In  exceptional  circumstances,  the  President  of  M.D.  Anderson  may  grant  permission  to  a 
faculty  member  to  serve  as  a  study  PI  even  if  he  or  she  has  a  financial  interest  in  the  study 
sponsor.  If  this  occurs,  it  will  be  stated  in  the  informed  consent  document  that  the  patient 
signs. 

The  informed  consent  document  will  also  identify  any  co-investigators  with  a  financial 
interest  in  a  study  sponsor.  The  informed  consent  document  will  also  identify  any  M.D. 
Anderson  and  University  of  Texas  System  interests  in  a  study  sponsor. 

Patients  shall  have  access  to  lists  of  all  faculty  with  financial  interests  in  trials  on  which  they 
are  enrolled. 

14.16  Roles  and  Responsibilities  of  Key  Study  Personnel 

Dr.  Waun  Ki  Hong  will  serve  as  the  Study  Chairman  for  this  protocol  at  M.  D.  Anderson 
Cancer  Center.  He  will  assume  primary  responsibility  for  the  study. 
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Dr.  Edward  Kim  will  serve  as  Study  Co-Chairman  of  this  protocol  at  M.  D.  Anderson 
Cancer  Center.  He  will  coordinate  and  supervise  all  aspects  of  the  clinical  trial,  and 
preparation  of  results  for  presentations  and  publication. 

Dr.  Jack  Roth  will  perform  lung  resections  and  identify  patients  eligible  for  the  Vanguard 
trial  at  M.  D.  Anderson  Cancer  Center, 

Dr.  Rodolfo  Mo  rice  will  perform  bronchoscopies  for  patients  enrolled  at  M.  D.  Anderson 
Cancer  Center. 

Dr.  Carlos  Jimenez  will  assist  with  bronchoscopies  for  patients  enrolled  in  the  clinical  trial 
at  M.  D.  Anderson  Cancer  Center. 

Dr.  Reginald  Munden  will  perform  CT  scans  for  patients  enrolled  at  M.  D.  Anderson 
Cancer  Center. 

Dr.  Kenneth  Fink  will  oversee  the  conduct  of  the  clinical  trial  at  Eisenhower  Army  Medical 
Center  at  Fort  Gordon,  GA.  He  will  communicate  with  various  departments,  obtain  referrals 
of  potentially  eligible  patients,  enrollment  and  follow  up  of  patients,  and  will  be  the  treating 
physician  for  patients  entering  the  clinical  trial.  He  will  meet  regularly  with  co-investigators 
and  the  Project  Director  to  discuss  the  progress  of  the  study,  He  will  assist  with  data 
analysis  and  interpretation,  and  preparation  of  reports, 

Dr.  Daniel  Lee  will  perform  bronchoscopies  for  patients  enrolled  in  the  clinical  trial  at 
Eisenhower  Army  Medical  Center.  He  will  also  assist  in  recruitment  of  eligible  patients. 

Dr.  Yeini  Thompson  will  serve  as  the  Project  Director  for  the  clinical  trial  at  Eisenhower 
Army  Medical  Center.  She  will  coordinate  and  oversee  all  day-to-day  aspects  of  the  study 
to  include  IRB  submission,  screening,  enrollment,  and  follow-up  of  patients,  biologic  sample 
management  and  shipping,  data  collection,  and  coordination  and  communication  with  the 
different  departments  within  EAMC.  She  will  ensure  continuity  of  procedures  and  data 
procurement,  and  assist  with  the  data  analysis  and  preparation  of  reports  and  manuscripts. 

Dr,  Ibrahim  Sbeitan  will  oversee  the  conduct  of  the  clinical  trial  at  Conemaugh  Memorial 
Medical  Center  in  Johnstown,  PA. 


Dr.  Robert  Pickerill  will  perform  bronchoscopies  for  patients  enrolled  at  Conemaugh 
Memorial  Medical  Center. 

Dr.  Gregory  Rys  will  work  with  the  Research  Nurse  to  identify  eligible  patients  and  assist 
with  follow-up  and  provide  counseling. 

Gaynelle  Schmieder,  RN,  will  identify  eligible  patients,  schedule  patients  for  collection  of 
tissue  and/or  blood  samples,  coordinate  the  activities  of  oncologists/technicians,  and  be 
responsible  for  follow-up  of  patients. 
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Dr.  Hector  A.  Preti  will  oversee  the  conduct  of  the  clinical  trial  at  The  Methodist  Hospital  in 
Houston,  TX. 

Dr.  Mario  Gonzales  will  perform  bronchoscopies  for  patients  enrolled  at  The  Methodist 
Hospital  in  Houston,  TX. 

Dr.  Philip  Cagle  will  identify  eligible  patients  and  assist  with  follow-up  at  The  Methodist 
Hospital  in  Houston,  TX. 
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Appendix -A. 

Appendix  Subtitle: 


Guidelines  for  Filing  Reports  of  Adverse  Experiences  at 
M.  D.  Anderson  Cancer  Center 


21  CFR  312.32 

Serious  Adverse  Experience  (SAE)  -Any  adverse  drug  experience  occurring  at  any  dose  that 
results  In  any  of  the  following  outcomes: 

•  Death 

•  A  life-threatening  adverse  drug  experience  -  any  adverse  experience  that  places  the 
patient,  in  the  view  of  the  initial  reporter,  at  immediate  risk  of  death  from  the  adverse 
experience  as  it  occurred.  It  does  not  include  an  adverse  experience  that,  had  it  occurred 
in  a  more  severe  form,  might  have  caused  death, 

•  inpatient  hospitalization  or  prolongation  of  existing  hospitalization 

•  A  persistent  or  significant  disability/incapacity  -  a  substantial  disruption  of  a  person's 
ability  to  conduct  normal  life  functions. 

•  A  congenital  anomaly/birth  defect. 

Important  medical  events  that  may  not  result  in  death,  be  life-threatening,  or  require  hospitalization 
may  be  considered  a  serious  adverse  drug  experience  when,  based  upon  appropriate  medical 
judgment,  they  may  jeopardize  the  patient  or  subject  and  may  require  medical  or  surgical  intervention 
to  prevent  one  of  the  outcomes  listed  in  this  definition.  Examples  of  such  medical  events  Include 
allergic  bronchospasm  requiring  intensive  treatment  in  an  emergency  room  or  at  home,  blood 
dyscrasias  or  convulsions  that  do  not  result  in  inpatient  hospitalization,  or  the  development  of  drug 
dependency  or  drug  abuse. 

Unexpected  Adverse  Drug  Experience  -  Any  adverse  drug  experience,  the  specificity  or  severity  of 
which  is  not  consistent  with  the  current  investigator  brochure;  or,  if  an  investigator  brochure  is  not 
required  or  available,  the  specificity  or  severity  of  which  is  not  consistent  with  the  risk  information 
described  in  the  general  Investigational  plan  or  elsewhere  in  the  current  application,  as  amended. 
Unexpected,  as  used  in  this  definition,  refers  to  an  adverse  drug  experience  that  has  not  been 
previously  observed  (e.g„  included  in  the  investigator  brochure)  rather  than  from  the  perspective  of 
such  experience  not  being  anticipated  from  the  pharmacological  properties  of  the  pharmaceutical 
product 
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MDA  Policy  and  Procedure  for  reporting  of  adverse  experiences  (Includes  both 
commercial  and  investigational  drugs): 

•  All  clinical  protocols  should  include  a  list  of  the  expected  and  anticipated  events  or 
hospitalizations  relating  to  the  study  regimen.  If  an  expected  or  anticipated  event  is 
documented  in  the  protocol,  then  it  does  not  have  to  be  reported  as  an  SAE.  (Example: 
Expected  Grade  4  mylosuppression  needs  only  to  be  reported  as  part  of  the  study  results) 

•  All  events  falling  under  the  definition  of  serious  adverse  event  that  are  not  listed  in  the 
protocol  as  being  expected  or  anticipated,  and  occurring  within  30  days  following  the  last 
treatment  date,  must  be  reported  to  the  sponsor  within  the  specified  time  frame  stated  in 
the  protocol. 

■  All  deaths  with  possible,  probable  or  definite  attribution  to  the  study  drug,  device,  or 
intervention  must  have  a  written  report  submitted  to  the  Institutional  Review  Board  (JRB) 
via  OPR  within  one  working  day  (24  hours)  of  knowledge  of  the  event. 

•  All  serious  adverse  events  other  than  that  stated  above  must  have  a  written  report 
submitted  to  the  Institutional  Review  Board  (IRB)  via  OPR  within  5  working  days  of 
knowledge  of  the  event 

•  If  necessary,  the  sponsor  Is  then  required  to  notify  the  Food  and  Drug  Administration 
(FDA)  within  7  calendar  days, 

•  All  unexpected  adverse  experiences  that  are  classified  as  Grade  4  must  be  reported  by 
following  the  guidelines  listed  above. 

•  Known  reactions  classified  as  Grades  1-3  do  not  need  to  be  reported.  However,  these 
toxidties  should  be  submitted  as  part  of  the  study  results. 


Adverse  Experience  Reporting  Forms: 

Attached  Is  the  MDACC  severe  adverse  event  reporting  form.  This  form  should  be  utilized  if 
MDACC  is  the  sponsor,  the  study  is  a  non-sponsored  study,  or  the  sponsor  does  not  provide 
an  appropriate  reporting  form. 

If  the  study  sponsor  requires  a  protocol  specific  SAE  form  to  be  completed,  then  that  form 
may  be  use  for  IRB  submission  as  long  as  the  MDACC  protocol  number  and  patient  medical 
record  number  Is  written  at  the  top  of  the  front  page. 

External  Adverse  Experiences  /  Safety  Reports 

All  external  adverse  events/safety  reports  received  from  the  sponsor  should  be  submitted  to 
the  IRB  through  the  Office  of  Protocol  Research.  The  "External  Adverse  Event  Report"  can 
be  located  under  section  1  of  die  OPR  Forms  Manual,  and  should  be  utifized  as  the  cover 
sheet  for  this  submission. 


IRB  Approval  Date:  7/3/2002 
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Appendix -B. 

Appendix  Subtitle:  Carcinoma  In  Situ  Pathway 

There  is  no  standard  approach  to  the  management  of  CIS  at  present. 

Approaches  have  ranged  from  surgical  resection  to  close  followup.  CIS  may  be  found 
at  the  edge  of  an  invasive  carcinoma  or  may  occur  as  a  small  isolated  focus  of  a  few 
epithelial  cells  that  would  be  completely  removed  by  a  biopsy.  The  major  safety  issue 
related  to  CIS  is  that  an  invasive  carcinoma  may  exist  in  an  adjacent  area  that  the 
biopsy  did  not  sample.  CIS  is  a  rare  lesion  and  it  is  not  likely  that  enough  CIS  lesions 
will  be  found  in  the  study  for  statistical  analysis  of  response  to  the  chemopreventive 
agents. 

As  there  are  a  wide  range  of  approaches  to  the  treatment  of  CIS  and  as  this  is 
dependent  on  the  bronchoscopic  appearance  of  the  lesion,  we  believe  that  the  final 
decision  regarding  therapy,  if  any,  should  be  left  to  the  bronchoscopist  and  primary 
physician. 

If  a  CIS  lesion  is  found  on  a  bronchoscopy  at  baseline,  we  would  recommend: 

1)  Follow-up  bronchoscopy  within  one  month  with  repeat  inspection  of  the  area  of 
the  CIS  and  multiple  biopsies  to  insure  that  an  invasive  carcinoma  was  not  missed. 

2)  A  CT  scan  with  attention  to  the  area  of  the  CIS  lesion. 

If  there  is  question  of  invasive  carcinoma  on  either  follow  up  bronchoscopy  or  CT, 
then  the  participant  should  be  managed  directly  according  to  the  preferences  of  the 
participant  and  primary  physician. 

If  no  CIS  lesion  is  found  on  the  repeat  bronchoscopy,  then  the  participant  is  to  be 
continued  on  study. 

If  a  persistent  CIS  lesion  is  found  on  repeat  bronchoscopy,  then  the  management 
should  be  directed  as  follows: 

1)  Repeat  bronchoscopy  in  1  month. 

If  CIS  present,  definitive  treatment  of  lesion.  Patient  continues  to  remain  on  study. 
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Appendix  -C. 

Appendix  Subtitle: 


Common  Terminology  Criteria  for 
Adverse  Events  v3.0  (CTCAE) 

Publish  Date:  June  10,  2003 


Click  On  Link  »  0  «  To  access  Document 
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I’/prflJ 

MDACC 

4 .  Dft)  Olt  409  (£dl*«  rd  Klim  M  i  >/P*ra  Ixe,  ftN/t  til  1  e 

IbrdyjtA  Randomi^l  Phase  Bflll  Study  Comparing  IVw 
Combination  Modal  (dec  of  IV  1JMR  1275  (Vtevopirktal)  ami 

IV  DocrtWttl  (Tooieie*)  I V  Docctwl  (Toxolere*) 

Alone  in  frlknu  wfthHamsmoU  Cell  Lung  Cancer  (NSCLC) 
Rroviowsfy  Tinted  with  Pbibium^boMdCJwrtwtiwrafiy 

'  1/21 

KA|*M 

5.  2003  -03&(T©tw*rti  Ikim/FDA/Le*  1 1 d  fti rJy]a  An  open 

hM,  Phaie  ftffl,  EPO^  Dore  Eolation  trial  in  Patient* 
wiih  Non  Small  Cell  Lung  Cancer 

m 

0,  DMQ2463  (Frank  Fomtb,  Mliniritccti  Zcn\%n&  Leslie 

Hardy):  A  K^ndomlntzed,  Multi  pettier,  Open  Label,  Pliaae  % 
Study  if  VELCADE  plw  Docriattsl  in  Previously  Treated 
Palienis  ’fcviiU  Admicod  Non*  Small  Doll  Limit  Cancer 
(M341QWM1) 

1/3C 

CORe 

ten* 
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[  hviiwtf  (Thrlft/aikxi  lib< 

m  yntj>  im  


JlitKM H  {Ctmrlei  Lu,  Ml)  aod  J4Vk 

Sarnia,  RN/Hfltil  Thwupi  oil>r  Phase  1  Sftdy  of(V 
DOTAP:  dml-Ftis  I  Liposome  Complex  to  Patients 
wtth  Advanced  MSCLC  previously  ticaied  with  cktwk 

■^r 

Activated 

Rtf  cursor  or  Mrfa*tMlcN5CLC  w/o  TaxoUrc 

u 

E 1VJMZ5  {Pa pud  1  ni itrakfl poulou,  MB /Llift  King, 

RWLMUtUihJ>)l  PlUJtt  El  Siudy  of  rLta&lS  Admin. 

Weekly  in  Advanced  NSCLC 

24/30 

3J4*0) 

Contracted  Out 

PocenrlyjavufotoJ 
for  addition*! 
payment*. 

UuJImUtfd  Prior  TWrajvy  (do  prior  £GFR) 

iT^ 

roOI-^04  (RoyiieHHtjniO,  r&OTItdlUtiJmon,  IEN 

/Brtd  Tltompion):  A  PImuo  til,  Muhidasc.  Multiccokr 
Clink*!  Trip!  to  Evaluate  Ihc  Safety  end  Eflffciiey  of  the 
Combination  of  &cojahto«ti  HiFauntocd  Moncdinsal  Anti- 
VEOF  Antibody  rhiMAb  VETOP  (Awto~)  and  the  lftFR 
Tyiwlw  KitWfl  Inhibitor  051*774  (Tanceva™)  for  LooaHy 
Advanced  or  Metallic  Nun-Squamous  Cell  Non* SnttJI  Cell 
Lyn^  Cancer  (KSCLC)  in  Patients  Who  Have  Been 

Previously  Tntlod 

21M 

I-PtiMtt 

J-AR-fl) 

fryacruj  up-to* 
dale 

V. 

Recurrent  or  Metastatic  NSCLC-With  S  2  Prior  Chemotherapy  Regimen 

A. 

Biop&iiiblc  Dke^e 

B. 

Non-Biopsiabie  Disease 

Unlimited  Prior  Therapy  (wt  Prior  COFR) 

1 

ID61-32<p  fVal!  PnpadlinltrakojiuuloLit  Mb^ii  ikgcnv 

RN/Andiw  Bouquard);  A  Phast*  I  Study  To  Determine  The 

""wfc.02 

I-Jmit-OJ 

4-Fcb-03 

RhcwIji  trjvo'cnl 

(brI97.1O9.P0 
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iWKk-  ftbr&Ulw  Uil 

ai  of  itu. 


sJ&y  and  Ph^ticoklwiT^ofBM  SOsfu^HllYen 

Evwy  Throe  W«k»  In  Facta*  WTdi 

MdMttflc  Re&wtwy  Solid  Turnons 

BdKOl«Mywt  Squibb  Protocol  Ko>  CA174-COI 

EHSE8 

1-Ap4) 

SIsbI^^Bbmw 

T  IwtSii (ff&y  £  ilcrb(,Kfl^hl>  A  HrtTTT" 

Tran,  PiiiraiD/Caihy  Hencerolb,  ftN/Les-lfc  Hnrdyji  Phase 

1.  Open1  Label  MwMcentef,  Doie-UscaJuiort  Study  of  itw 
l^Wtno  Kinase  Inhibitor  of  VF-OPR^  AG0D736  in 

PiiicfUa  Willi  Advanced  Solid  Tumors 

§*35“ 

10uly4li 

1-NoMB 

l4ftoK» 

MtfftiMU 

MOAOC 

T  lODJ-CtOtKnyifi'rbrf,  Mil,  I'liD/Caltij  ll.nitrotli,  R Ni 

Leslie  ilnrdy);  CeiUiouliifi  a  com  rt  J»  Tytottac  Kinase 
inhibitor  ofVEGF-2,  AGai37W(M06)  AtMmk 

Previously  R«eivtnS  AGO  1 37  34  in  Clidfei*  Trill* 

fi35 

4.  UWOi-lSO  (Kdtt  3i%l  Kini,  Ml)  Cam ku  Summey, 

KN/Ltjtk  Hardy)!  Pf**>  I  SuKly 
of  Cofitinuotii  Oral  A  Jni  hiisira  c  Ioji  oT  SCI  f  66336  and  IV 
Docetaxel  ft!  Secood  Line  Tied  meal  m  Pftikmb 
with  Adviced  $eHd  Tumor* 

12724 

J-7»h-02 

2-fob-02 
t  •Mu-02 
l-Miy-02 

mdScc 

£,  I P07-7S9  {m wj  rd  kirn,  MDfLH  A  K 1 B &  1 W  and  C«J1t4?n 

Jam*,  RN/Aodnm  Botiquerd)  A  Plinse  II,  Open  Isabel  Mow* 
Randomized,  Mulfoentcr  Single  A$ciil  SFudy  arimrovcQotJi 
SDJM02  for  du  Treatment  orPtfiortli  vtf  MTAP-DofictojU 
Owcr 

,l0$Gmonfog 

pitirtt*”* 

Vf,  Small  Cell  kunf*  Cancer -  No  Prior  Cliemo  therapy 

A .  Extensive  Disease 

1 .  ID0W33  (Benti*  Glitton,  MUflJeierfy  Peep k*,  RN  £ 

Bceun  Vai^htte,  RW/Hcinl  Thompson):  Film  Trial  of 

Wccfcly  l£  Ijaiiiv^Thioi^^^  CSF  foi  Pattern* 

witKvSm*H  Celt  Lung  Ctocer 

zmo 

i-twn 

i-Doco: 
t -A&n-OT 
1-MartU 

M1MCC 

Payments  up  10 
date* 

2.  1  UOMfo  (Bomh  GJIiuid,  MD/Bemly  Peeples,  RN  A 

3/1 S 

1-Od  6i 

- -  _.  _ 

-I 

r*fci4 
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Ai.  vl  irti, 


Been  a"  Vi*  ri^hesc^  lUWe^n  tamps  on]:  Phase  fitful  or 
toiactolb  Mosytolo  (Gteowc),  CUpfolliv  aad  Irtooicm  for 
Pafaiua  with  Small  Cell  Lung  Oiccr 

J-FrlMW 

Received  inSii[ 

pyrmu. 

V1L  SrOMtl  Coll  Luug  Cancor  -  With  Prior  Cliemoiberapy 

L  1D01-032  (F MhIUi  MJMIobcni  7mv*t< 

IWAndrcw  Ifouqiinrd):  A  Ptuuc  I,  Opea-LahcL  Duse 

Ef  afrit  w  Sludy  of  Weekly  Das  mg  Willi  BD-1 05&J  ( 
fdluwisrf  by  a  rhiM  U  Efficacy  Expansion 

mz 

l-A«|42 

i-s^-oa 

1-OcKtt 

Qmi  meted  oul 

Anwnded  eoirfnci 

forpfjuofl 

pali&np 

- - 

:  VniT  Mafigmml  McsolMtom 

A,  Operable  Disease 

I,  (Katherine  Pi«tcnt  MU  jirul  William  Smyths 

MO,  Cot Ig  SttVfijii,  JVIBjr  A  MuJikeater  PIijlw  JJ  Trial  of 
Neo-adjumi  AllniEoplLirCispkLi/bllovwt)  by  Stagoy  wu* 
RaifuokMi  for  Pleural  Mcscibclioma, 

m 

2 ,  l  DO  1-3 IH  (Hoy  Sm>  f fa  e*  M  0  and  Cm  lg  Slovens ,  MD, 

PbD/Jmik  Wide,  UN):  A  PJiaso  Ml  fciudy  of  Intensity 
Modulate!  Radiotherapy  (JMft'f)  for  Malignant  Pleural 
Maiodielioota  after  Ejarapteinsl  Piioiuaoneciomy 

16/40 

i- Jui:c -02 

>Ju]y-Ca 

2-MarIi-Q3 

Siofgory 

SwfcCry  lludjjei 

B.  Inoperable  Disease 
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1  .  IDS  J'lW  (R*  fpli  ZU\  air,  MD/  Fa™  Ut,  itSJ®  a  ii 

Thonapioo)*  Oacotinf*  +■  Doxonitkio  vs  DaaorobJclit 

20/50 

CNPE 

1-0^1-00 
f  Jaft-  01 

1-A^te 

MDACC 

2.  IDG2-005  [Ciia  r  f«  Lu , MDdXJ*  Lfj»s  1 1 wtmg/  RN  Andrew 

Boggard  A  Dowhlc  Blind*  Placebo  Cnalidtod,  Raodomtei 
J*Ha»  n  Tiial  QTOsme itobiiw  And  CUplHin  With  Of 

Without  Tbe  VEGP  fnlnbiltt  IktvaelzviMbJn  fruk^iu 

With  Maifgrvtm  Mesothelioma. 

'W4 

l*Sept*02 
l-tw- 03 

moacc 

KawjwiNOI 

Ototd 

3,  IWBFMS  (Edward  Kta,  M&tta  Kia^  3tN  and  CoJteeo 

Joncf,  RW Andrew  Bouquard)  A  PbiSfc  H,  OftfB  Label  Non- 
MulticcnicrSinfils  Agent  SWy  oHirffivcnou? 
SD>Mfl2  for  the  Ttwitmern  of 

Pwienl*  W  M7AF-DefidtiH  CaitfCt 

,4t  Screwing 

patfwt*™ 

IX.  Sarcomatous  Pulmonary  Metuatflscs 

C.  Pulmonary  Mclnslases 

X,  Esophageal  Cancer 

J .  1 1)02-1,%  (St  tph  to  Swtsh  p r,  tM  0/  RhodrN  c  FmniitO  ( RN): 

Phase  I/H  Mulilfconujr*  Single  Ann  Evaluation  of  PaMperatiw 
Ch'Cmopmvchtinii  plus  TO  J^dc1*1  JMor  to  J&nphagceiomy 
for  Loyally  Admctff  rusjjcdabk  Kiopta&cal  Canter 

m 
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llmrit  Pr*Wei  1 

A>irf3lp>vi^  W 


XI*  MS 


T  H5jP£S5f 7C?5l(SC?5^ M1M‘S0  aj<]  Uo>:  fvmjJbCt 

MlLTBA)*  A  Feasibility  Smdy  lo  Measure  Tiujwr 
0xyg,wwifcti  iP  Hwaiw  KiwmithII  Cell  Cartintow* 


~m r 


S^Afif  -C2 

Htfr*42 

t'Augritt 

3»Jin-05 


Surgery 


X n,  Extended  Access  Iressa 

r 


DMW457  (Roy  UtrliirpMb,  HitVUfttnclJ  Stlia tixr, 

UN/LnJle  Hnrdy)i  An  Expanded  Access  Cttaical 
Projjftsm  wllh  201459  (TRESSA™)  for  PiriknW  wiUi 
Advanced  HtwvSmaU  CvH  Lung  Causer  (NSCLC) 


“j — miw 


2NFc^0J 

4^^ 


MDACC 


No  Funding 


XIU.  Chcmoprcventkm 

T  HWL23Q  {Jouattum  K  writs  JvtlxY*nc,wti  iSy," iCtfi'iictxT 

Thompson);  A  Rwidwftiied,  DouMe-BImd  Study  ef\  ts; 
Qiuhgictri  niTctlii  €jsd  Toitrabttity  of  Gelwaxlt  as  * 
Ownopfmmire  Agent  fct  Cutrera  and  Former  Smokery 


w 


■jnsssr 

i-Saa-V  3 

X-Afc4) 


100MH2J/200J-M2J  IWaun  XI  Hong,  MD/T^»riW», 

MO)  Vanguard  Trial  and  Otatdjuvun  7>bd  for  Pwty  Stogo 
USVLC 


1SHT 


MDACC 


Grant 


Grant ' 


“!Dai^7  (Reginald  MumIw,  Mb,  mujttlkrfZT - 

Soaring  for  Lurie  Cancer  1a  Pailenrs  Itarioiuty  Trfcfflcd  for 
UuyngoU  Cancer, 

ACMKOl-tffrt  Mutid^n,  MD*  DMO).  P 

Canictuppfary  Screening  for  fed  Detection  of  Lung  Ctncw, 


"T mw 


^Kov-01 

I4MI3 


TSHffir 


R&d  biofly 
Radiology 


Radiology  Budgoi 


Radiology  Budget 


XIV*  Now  Studies  Not  Yet  Open 

T&M-3S3  (EJwanl  Ki m*  MO/1LN'  TF  t\  ‘Vfiopjp Jim) :  Plwclil 

lyial  0/2DIS39.  aTyroainc  Kirtasc  inhibitor,  vrryuii  Pfiocbo  Lei 
Faimn/Cufiwu  Smoker*  with  a  Previous  llistury  of  Carttcr 


w 


Apprartd; 

NOT  YET 
ACTIVATED 
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Ftofttir  lid 


li)Oi^)S^(fcdvTfrd  Ktnj,  KlO/ftN  TLIaT^&i  Thomson}* 

Phue  (1 1  Trial  Of  R1 15777,  a  Faittfiyi  Tranift  me  JjSfclior, 

vertui  Flacebq  Li  Ftonneritkmtfnl  Smokers  triih  a  Picviou  3 

Hlt*K>'  ofi Ctijccr 

LCDCif 

SPORE 

A^rovrdi 
NOT  VET 
ACTIVATE  J> 

IMTOU1!  (Kitiuko  KomafcC Ml)  (MarrilHflej,  MD/Llu  Klag 

ttN/TflA):  A  HJiaio  1  Troostatitmal  Study  of  Poly-L-GIUtflmatc-TnXoi 
(CT-2 1  OS)  and  Ridtattnmpy  for  T^oofllly  Advanced,  Uwoscctabfc  or 
Medically  Inoperable  Nrm-SutaRCdl  buns  Carcinoma 

~m~ 

IWU  ApjrmtJ 

M4f«Mlitg 
nedvitton1  ** 

IDai-iJTl  (Edward  Kim,  MD/Nuri*  T tfAyficiiniwnpiou):  A 

V\w&  i\  Study  of  Sertraline  (Zoic  ft®).  a  S d act K-o  Kejutojnm- 
Rcnpteko  Inlqhitor,  aftd  /Is  Effect  im  iba  Quality  of  Life  in  Pfrtkitcs 
*i(h  Advanced  h'oo^Sjittll  Cell  Uii£  Caneor  fNSCLCV 

o/t-M 

jfobmffted  (o 

CCOV 

ACQSOG-ZCJiltO  (Srcphen  G.  S^iihor,  MO  and  Horner 

MactplnJac,  Mi)rrOA/l'flA)r  Hia  UiiJiiy  of  Positron  Emission 
Tonwfiiopliy  (PET)  In  Singing  of  Patterns  vriih  Potential ty  Gperobte 
Carcinoma  of  (he  Thoracic  nisophagus 

Ji l 

TTromoic^ 

Cuidiova  scoter 

IDOJ^WJtGtCrgoHrumcaichcrtj,  MD/ilccfla  Var^hne,  k*N  nod 

Beverly  Peoples,  UN/  Leslie  Hardy):  "A  Phase  II  efTriajihie  hi 

Cojb  WnatloEi  with  Genidubbte  In  Patient  j  With  Mctosiallc  *tajh$trwfl 
OoJl  Lung  Cancer 

*  ^Wkflitg  m 

Kilvittoa4** 

l)M02-6&d  (Merrill  Kin,  Klt^flrltelle  furdonu  KNJLwIte 

Hardy):  •‘A  Pliasc  It  Rnftio  Alfred.  Open-Label  Slndr  of  Single  Agent 
CM  OB  ht  Patterns  Mth  Advanced  Non-Small  Lung  Concur  (Protocol 
44161003) 

m 

"•WatHiien 

4rtif  sbteJntet 

!)M0fl*327(Jort4tb an  KtLrt<HiVLWfl*v<r)y  P«ples(  iWand  Ikcnu 

Vaigh«c*llHI  Andmr  flou  quarter  A  Plwwc  yit,  Muttl-Ccnter, 

Do$*-E*caUtloa  PhttmaooHiuHk,  Safety,  and  Efficacy  Study  oS  Qra J 

1  TAOJQt  In  Patterns  with  Stage  IV  Non-Smell  Grill  Lur^f  Cancer 

M  *A™dmwii 

be  i  fig  nf  ten  til  ; 

iiymw 
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««  tu v  ;tr  x 

CURRENT  RESEARCH  STUDIES  FOR  HEAD  AND  NECK  MEDICAL  ONCOLOGY 

The  UnJrewHyef  Tern  M.D.  AnJ*»w  Cmser  ChjIN’O  JflJ  Holtumbt  0  JloiMw,  TX  ?7<U0 
Ttnr*fWllrid  .odNtrt  Mtdkai  Oumtasy  B  Uoetll  0  T1MS1.«« 


B  m 

ggBBBHtHMSH 

rWijKES 

1® 

-  ftfrtgtf  t 

lilSSS? 

r  -  teals?  * 

ggglsili 

CHEMOPREVENTIQN 

rMfW 

Irductwi  (toctofnttxevarlfcn,  F*fti*ffiy*  W 

Pto«*u  k>r  Urengi«  Oyiputa 
Hcfir^UKcchp^O 

HDdflr^ 

Fa^tfmiratopoufoii 

(WtihMAhMl} 

swtto 

aaepdF 

^OoOOJt 

Ifwo* 

i-iums 

1 

iOWMJI 

i  Vci  cool  k*  *  ftm*  «  Coub^Lccf. 

nAe*6>Camio«M,  ftttconuti  5*jdy  of 
wee**  m*m&  m  om  *1**9™^  ici^* 
p*ar»s) 

"  3TO 

Tf+^SF 

ldu-6) 

ITifrW 

-US®- 

1 

Study  apt 
ajVBort 

coils. 

mu  i;  Oyvfr^Yoefofi  tfcftl  wJi  Oflfi) 

PrtfnUTgnjfri  Urt*y\* 

Lfepmuv 

FipulnfrakOpwlai/ 

{PHCcfej 

wm 

Tr&*r 

1-AflHU 

tuiwpz 

T5aS5«taf 

•flfrtfrttat 

1001*11# 

Vtiti* il  asrtforratf  Oeufcto-Blnd*  ftra&o 

CcmioLkri  Do  2^  R  am Srvfl  Plot  d  OTB  fef 
CnwMWMVMWn  «0MffcM£  AM  Rt . 

pApldKlXcdtO  pculo  u 

(taSiofiAfcMJJ) 

U27 

UTftJeF 

*  , 

fJVornJsd 

a m- 

MiAnm' 

Mto 

^kiOwnJilki  oed  0«*3uYirtl7flJ)  K/Ptfcnlt 

IlHigAOrn 

/?to 

LOCALLY  ADVANCED  DISEASE 

PREVIOUSLY  UNTREATED 

IDOt-IMl 

PM*»  M  study  ol  Inducbun  ClKntolbcrBpr  FsrffWd 

bf  £uyt»l  Rs*c  ate*  for  Vouivj  f  ittonu  *% 

CMCAiotaomitfihiOfJlToasuoanl  ; 
Ficofofitoitt) 

Klfif 

BJio 

l*D*C01 

i-xa voe 

1 

fcKJACC 

FHt/Wr/<N^l 

rTOS 

mm 

APtiu*  (JITfW  tf  CopcweniflocMfri  W"1 

ChffiwfHMpy  to  Advincod  Hold  erJ'  Nodi 
Ciftftonu 

nouAikil 

(Gianda  WU*£*ki) 

31*160 

h'b’W 

WiUI 

*WaH» 

f 

J 

LOCALLY  ADVANCED  DISEASE 

PREVIOUSL  Y  UNTREATED  - 
Adtuvint  Thews 
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VfiltVt  H  Nay  11,  M03  FftfC  £ 

CURRENT  research  studies  for  head  and  neck  medical  oncology 

Tbp  U«lv«ili)-ofTeiij(ll.D,  AndwWB  CUucef  CtnitJ'  n  15  Jj  llo!emnb«U  llBuitoo.TXITWfl 
t  bonidf/Hcsi!  »ml  N«k*lnJKSil  Oncolay  g  Hat  1J1  D  T1J-79J-«JU 


m 

SJs 

Lmi  slBraRt^r:  *! 

%■ . . 

HvlJ 

E$yBC 

g  Pa 

SvN 

p9s W 

fgg  

l£KSSS®£ 

hmi 

m 

A^uv^l  fltado&ic  THeivr 

TSb, 

(Tsw  F>**tt*00f 

S2I1W) 

t-OwDI 

l-QOtt 

IMsr-61 

I  *»«r 

1 

IHtt 

HWM 

Phud  II  EirV  KwlDflWBlIitt  Pddttajrii  fcLto  wd  By 

PecUucI  And  ClsplitoCvWtWl  WWi  ft  tdAilon 
TluifllVFO'Ktwawf. 

S-tyjA^nwo  Cace-iomA onto H*aj  Aj* 

*1— *- 

Wl 

MyavO£»0fl 

(Giccy  Zachwiah) 

IWSD 

fiaSlofisI 

t£C4U*[ 

4SM> 

“ivl^ar 

14*642 

IftMl 

1-Apr4J 

% 

Rollon 

tydact 

LOCALLY  ADVANCED  DISEASE 

PREVIOUSLY  UH7MA7BD  -  Lttynx  . 

gW  .  .. , 


TEtf^pr- 

PftKR  it  fiiudy  tnd  ifcMlffliH 

faboytod  by  Suq ay  in  PU  ytf  Uiyngsil  Canmr 
BAfeOtyin 

(kdim^vv*  caisip^ 

2Jti 1 

-p^rsr 

nsc^r 

1 

ftfrodvo  /iCJijn 

[WpvTKnt  ifrtdi 

LOCALLY  ADVANCED  DISEASE 

PREVIOUSLY  UNTREATED  - 
WasapfaHynx  On/*' 

reourrent/Metastatig 

DISEASE-  ChwnQttuirapy 

FrvntUm  For  Rocumye* 

RTCKlSi- 

11 

Pirn*  II  Stoty  of  f'a  tftraJ  and  Ct6f  I*l1r  in 

CornttwHon  wiih  $pf<4  Co*w  CofKxwnJtsrd 

Rclft  fldU&n  in  PrttaiU 

fttttrttri  Sqwinwn*  C<SGtfK«  of  if*  Koid  And 
K*ck 

kU* 

tMa/Ktt'W 

francftco) 

4j-  irx; 

Mdi^nol 

Actxwl 
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Appendix  -E. 

Appendix  Subtitle;  Study  Evaluations 
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Appendix  -F. 

Appendix  Subtitle:  Research  Informed  Consent  Process 

The  informed  consent  process  is  to  ensure  that  individuals  participating  in  clinical  trials  are 
informed  about  the  study's  purpose,  the  risks  and  benefits,  alternative  therapies,  and 
voluntarily  agree  to  participate.  It  is  a  process  that  should  provide  ample  opportunity  for  the 
person  obtaining  informed  consent  and  the  participant  to  exchange  information  and  answer 
questions.  The  process  will  also  provide  for  updates  to  the  informed  consent,  as  the  study 
requires.  This  policy  is  to  assure  study  participants  receive  acequate  information  in  the 
appropriate  manner,  timing  and  setting. 

All  areas  of  UTMDACC  conducting  clinical  research  are  expected  to  comply  with  this 
standard  procedure. 

MDA  Policy  and  Procedure: 

The  informed  consent  process  begins  when  a  potential  research  participant  is  initially 
contacted  regarding  a  study  by  the  investigator  or  his  staff.  Participants  should  not  be 
approached  about  a  potential  protocol  prior  to  that  study  being  approved  by  the  Institutional 
Review  Board  (IRB). 

The  attending  physician  shall  be  responsible  for  ensuring  that  the  informed  consent  process 
is  documented  by  the  use  of  a  written  consent  form  approved  by  the  IRB  and  signed  by  the 
participant  or  participant’s  legally  authorized  representative  (unless  this  requirement  is 
specifically  waived  by  the  IRB), 

Upon  activation,  the  informed  consent  document  is  imprinted  with  the  "IRB  Approved 
Consent"  stamp.  The  stamp  is  signed  and  dated  by  the  assigned  protocol  compliance 
specialists  and  distributed  to  the  principal  investigator.  Additional  copies  must  be  made  and 
distributed  by  the  department.  Consents  that  are  submitted  in  PDOL  will  be  available  on-line 
following  activation. 

Only  the  most  recent  version  of  the  informed  consent  document  approved  by  the  IRB 
should  be  used  when  addressing  new  patients.  The  date  stamped  on  the  informed  consent 
document  should  correspond  with  the  informed  consent  date  in  the  Protocol  Data 
Management  System  (PDMS)  during  the  registration  process,  verifying  that  the  correct 
version  of  the  document  has  been  signed.  Consents  for  protocols  that  are  available  on-line 
through  PDOL,  will  have  the  most  recent  revision  date  typed  on  the  lower  right-hand  comer 
of  the  document. 

Informed  consent  must  be  obtained  prior  to  the  initiation  of  any  protocol-specific  screening 
procedures  that  are  not  considered  standard  of  care. 

The  informed  consent  document  should  be  presented  in  a  language  that  is  understandable 
to  the  participant.  The  informed  consent  document  will  only  be  generated  in  the  English 
language.  For  other  languages,  the  research  nurse  should  contact  Language  Assistance. 

Informed  consent,  will  be  obtained  under  circumstances  that  provide  the  participant  or  the 
participant's  legally  authorized  representative  sufficient  opportunity  to  ask  questions  and 
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consider  whether  or  not  to  participate.  !l  should  be  clear  that  the  subject  has  a  right  to 
withdraw  from  the  study  at  any  time. 

If  a  participant  chooses  to  withdraw  consent  for  a  study,  the  primary  investigator  must 
document  that  the  participant  is  ‘withdrawing  consent  to  participate  in  the  study*  in  the 
chart. 

Authority  to  obtain  informed  consent: 

•  The  principal  investigator,  regardless  of  how  his  or  her  authority  is  delegated,  remains 
ultimately  responsible  for  the  actions  of  those  to  whom  he  may  delegate  authority  in  obtaining 
the  informed  consent. 

•  The  principal  investigator  may  delegate  authority  to  those  individuals  who  are  licensed 
as  physicians  in  the  state  of  Texas  to  obtain  the  legally  effective  informed  consent  of  the 
participant  for  any  study  that  involves  drug  therapy,  surgery,  or  invasive  procedures. 

•  Following  a  discussion  between  the  physician  and  the  patient,  a  research 
nurse/coordinator  should  review  the  protocol  and  informed  consent  document  to  ensure  that  the 
patient  understands  the  protocol  procedures  and/or  treatments.  If  the  patient  does  not 
understand  the  research  nurse/coordinator  must  notify  the  physician  of  the  patient’s  concerns 
or  lack  of  knowledge. 

•  Once  all  patient  questions  and  concerns  are  addressed  the  physician  or  the  research 
nurse/coordinator  may  obtain  the  actual  signature  on  the  informed  consent  document.  It  is 
important  that  the  person  obtaining  the  informed  consent  must  have  an  adequate 
understanding  of  the  scientific  content  of  the  protocol. 

•  _  _  The  principal  investigator  may  delegate  authority  to  obtain  informed  consent  to  a 
individual  who  Is  not  a  physician  in  limited  circumstances  and  only  when  involving  protocols 
with  no  more  than  minimal  risk  and  do  not  involve  drug  therapy,  surgery  or  invasive  procedures. 
An  individual  obtaining  informed  consent  who  is  not  a  physician  should  be  described  in  the 
body  of  the  protocol  as  the  person  authorized  to  obtain  informed  consent. 

•  When  informed  consent  is  obtained,  the  person  obtaining  the  consent  from  the 
participant  or  the  participant's  legally  authorized  representative  must  sign  his  or  her 
name  on  the  informed  consent  document  where  the  investigator  signs.  By  signing  the 
document,  the  person  obtaining  consent  certifies  that  the  clinics  i  research  study  has 
been  fully  discussed  with  the  participant  and  that  ail  requirements  for  obtaining  informed 
consent  have  been  followed. 


Completing  the  informed  consent  document: 

•  Verify  that  the  patient  is  being  presented  with  the  proper  version  of  the  informed  consent 
document. 

•  Complete  all  blanks  listed  throughout  the  document,  including  name  of  treating 
physician. 
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•  The  participant  or  their  authorized  representative  must  sign  and  date  three  original 
informed  consent  documents, 

■  The  principal  investigator  or  collaborator  must  sign  and  date  the  same  three  original 
informed  consent  documents. 

•  A  witness  to  the  consent  process  must  then  sign  and  date  the  same  three  informed 
consent  documents.  Preferably,  the  witness  should  be  someone  who  has  no  interest  in  the 
protocol.  The  participant's  spouse,  family  member  or  friend  would  be  the  ideal  witness.  In  the 
event  that  the  participant  is  alone  during  the  informed  consent  process,  the  clinic  or  research 
nurse/coordinator  can  sign  as  witness. 

•  An  original  signed  informed  consent  document  should  be  placed  in  the  participant's 
medical  record,  one  should  be  given  to  the  participant  and  the  third  placed  in  the  investigator's 
protocol  file. 

Documenting  the  informed  Consent  Process: 

The  informed  consent  process  must  be  documented  in  the  progress  notes  of  the  medical 
record  by  the  investigator  or  collaborator  explaining  the  protocol.  To  verify  that  the  consent 
process  was  completed  correctly,  the  documentation  should  include: 

•  UTMDACC  protocol  number  or  name  of  the  study, 

•  a  brief  statement  explaining  alternative  treatment  option  discussed, 

•  a  statement  that  the  informed  consent  document  was  reviewed  with  the  patient, 
including  the  risks  and  benefits  of  the  study, 

•  a  statement  describing  the  patient’s  decision.  Examples  include: 

“Patient  would  like  to  be  treated  on  study,  informed  consent  signed  and 
copy  of  original  given  to  patient" 

"Patient  wishes  to  take  informed  consent  home  to  review  with  family,  will 
follow  up  tomorrow  with  research  nurse  for  additional  questions  and 
desired  treatment  plan" 

"Patient  does  not  wish  to  participate  in  study  at  this  time.  Will  treat  off 
protocol  with..." 

•  If  the  patient  returns  on  a  later  date  to  sign  the  consent  form  a  note  should  be  placed  in 
the  chart  on  that  day  describing  the  interaction. 

•  A  statement  describing  when  the  treatment  is  scheduled  to  begin. 


Re-consenting: 
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*  The  informed  consent  document  is  considered  valid  for  30  days  from  the  patient's 
signature  date  to  begin  treatment.  If  treatment  has  not  begun  within  30  days  following  the 
signature  date  fisted  on  the  informed  consent  document  than  the  patient  must  be  reassessed 
for  protocol  eligibility  and  a  new  consent  document  completed, 

*  If  there  is  any  material  change  in  the  patient’s  status  after  informed  consent  is  obtained 
but  before  the  treatment  begins,  the  patient  must  be  reassessed  and  the  informed  consent 
process  should  be  repeated. 

*  Participants  must  be  re-consented  if  there  are  changes  in  the  informed  consent  related 
to  safety  and/or  treatment 

a.  If  the  informed  consent  document  is  revised  due  to  a  serious  safety  issue,  all 
participants  actively  receiving  treatment  will  be  notified  in  a  timely  manner. 

b.  Participants  who  are  off  study  will  be  informed  of  any  new  serious  adverse  events  bv 
letter. 


c.  The  participant's  medical  record  must  reflect  the  oral  and/or  written  re-consent  process 
including  protocol  number  or  title  of  study,  the  date  the  patient  was  notified  of  the  change,  and  if 
applicable  the  date  the  new  informed  consent  document  was  signed. 

d.  It  is  the  responsibility  of  the  principal  investigator  and  the  research  staff  to  ensure  that 
participants  are  informed  of  any  changes  that  may  influence  their  continued  participation  in  a 
protocol. 

Surrogate  Decision  Makers: 

If  an  adult  patient  is  incompetent  or  otherwise  mentally  or  physically  incapable  of 
communication  and  has  completed  an  Advance  Directive,  then  the  designated  agent  and 
the  attending  physician  may  make  health  care  decisions  for  the  patient. 

If  the  patient  is  incompetent  or  otherwise  mentally  or  physically  incapable  of  communication, 
has  not  completed  an  Advance  Directive,  and  does  not  have  a  legal  guardian,  then  the 
attending  physician  and  one  person,  if  available,  from  one  of  the  following  categories,  in  the 
following  priority,  may  make  health  care  decisions  for  the  patient: 

•  the  spouse; 

•  the  reasonably  available  adult  children; 

>  the  parents;  or 

•  the  patient's  nearest  living  relative. 


Celecoxib 


1.0 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 
3.0 
4.0 

4.1 

4.2 
5.0 

5.1 

5.2 
6.0 
6.1 

6.2 

6.3 

6.4 

6.5 

6.6 
7.0 

7.1 
8.0 
9.0 

9.1 


9.2 

9.3 

9.4 


10.0 

11.0 

12.0 

13.0 

13.1 
132 
13  3 

13.4 

13.5 

13.6 

13.7 


Protocol  2004-0104 
Revised  October  13t  2006 
Page  1 

as  Adjuvant  Biologic  Therapy  in  Patients  with  Early  Stage  Head  and 
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1.0  Objectives 

Current  and  former  smokers  have  been  the  focus  of  recently  completed,  large-scale 
lung  cancer  chemoprevention  trials.  The  outcomes  of  these  trials  have  been  uniformly 
disappointing.  Patients  with  previous  tumors  of  the  aerodigestive  tract  are  at  particular 
risk  for  second  primaries  of  this  area,  including  non-small  cell  lung  cancer  (NSCLC). 
Preclinical  data  suggest  that  celecoxib  (celebrex)  may  have  a  chemo preventive  effect  in 
patients  with  NSCLC.  To  test  this  hypothesis  we  will  perform  a  randomized  biomarker- 
based  clinical  trial  in  patients  with  definitively  treated  NSCLC  and  head  and  neck 
squamous  cell  carcinoma  (HNSCC),  examining  the  effect  of  celecoxib  treatment  on 
biomarkers  of  lung  cancer  risk. 

Specific  Aim  1 

Hypothesis:  Patients  with  previously  treated  HNSCC  or  NSCLC  with  no  evidence  of 
disease  will  respond  to  the  chemopreventive  effects  of  celecoxib. 

Aim:  To  examine  the  effect  of  celecoxib  treatment  on  histological  response  (defined  in 
Appendix  H),  markers  of  proliferation  (Ki-67),  and  apoptosis.  Secondary  endpoints 
include  time  to  second  primary  or  recurrence  and  survival. 

Specific  Aim  2 

Hypothesis:  Current  and  former  smokers  tolerate  treatment  with  celecoxib. 

Aim:  To  examine  the  toxicity  associated  with  celecoxib  administration  in  patients  with 
previously  treated  HNSCC  or  NSCLC, 


2.0  Significance  and  Background 

2.1  Lung  cancer  as  a  Significant  Public  Health  Problem 

Lung  cancer  is  the  leading  cause  of  death  from  cancer  among  men  and  women  in  the 
United  States,  accounting  for  approximately  28%  of  deaths  from  cancer  (1),  An 
estimated  159.900  Americans  died  of  lung  cancer  in  2003.  In  recent  years,  the 
incidence  of  lung  cancer  has  begun  to  decline  among  men  (1).  However,  smoking- 
related  lung  cancer  has  continued  to  increase  among  women,  surpassing  even  breast 
cancer  as  the  leading  cause  of  death  from  cancer  among  women  (2).  Despite 
aggressive  treatment,  the  five-year  survival  rate  for  lung  cancer  remains  approximately 
15%  (1).  These  grim  facts  point  out  the  need  for  a  radical  change  in  our  approach  to 
lung  cancer.  In  response  to  this  need,  the  National  Cancer  Institute’s  Division  of  Cancer 
Prevention  and  Control  has  set  prevention  as  the  primary  strategy  in  the  control  of  iung 
cancer. 

2.2  Smoking  Cessation  and  Lung  Cancer  Prevention 

Prevention  of  smoking  and  smoking  cessation  have  deservedly  prominent  places  in  the 
National  Cancer  institute’s  programs  to  reduce  deaths  from  cancer.  As  a  result  of 
massive  campaigns  to  educate  the  public  about  the  hazards  of  cigarette  smoking,  there 
has  been  a  substantial  reduction  in  the  percentage  of  adults  who  smoke  in  the  United 
States.  Recent  estimates  suggest  that  approximately  50%  of  adults  were  once  smokers 
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(about  44  mitlion  people  in  the  United  States)  (2,  3).  Despite  the  reduction  in  lung 
cancer  risk  observed  with  smoking  cessation  (2),  several  studies  have  demonstrated 
that  former  smokers  still  have  a  higher  lung  cancer  risk  than  non-smokers  (4-6).  Even 
ten  years  after  smoking  cessation,  the  risk  was  still  significantly  elevated  for  men  (7). 

As  a  consequence,  former  smokers  account  for  a  large  proportion  of  lung  cancers  in 
this  country.  From  the  current  smoking  trends,  it  appears  that  former  smokers  will 
account  for  a  growing  percentage  of  all  lung  cancer  cases.  Thus,  the  risk  of  lung  cancer 
in  former  smokers  poses  a  substantial  long-term  health  threat  in  this  country.  Strikingly, 
50%  of  new  lung  cancer  cases  are  among  former  smokers,  a  population  numbering 
roughly  46  million  people  in  the  United  States  (8).  Strategies  to  prevent  lung  cancer 
deaths  in  former  smokers  include  early  detection  and  chemoprevention. 

Methods  of  early  detection  are  now  greatly  important  in  lung  cancer  treatment. 

Screening  techniques  analyzing  sputum  cytology,  chest  x-rays  and  more  recently,  spiral 
computed  tomography  (CT)  scans  have  been  studied.  Recent  studies  have  specif  cally 
tested  the  efficacy  of  screening  individuals  at  high  risk  with  spiral  CT  scanning  (9-11). 
The  results,  while  provocative,  are  not  yet  definitive,  and  debate  continues  as  to 
whether  they  are  sufficient  to  mandate  broad  lung  cancer  screening  programs.  A  study 
reported  in  1999  used  low-dose  helical  CT  to  screen  1,000  asymptomatic  smokers  or 
former  smokers,  who  smoked  at  least  one  pack  of  cigarettes  a  day  for  10  years,  or  two 
packs  per  day  for  5  years.  All  were  age  60  or  older.  All  participants  received  chest  x- 
rays  and  CT.  CT  detected  from  1-6  non-calcified  pulmonary  nodules  in  23%  patients 
while  CXR  detected  7%.  27  of  the  233  CT  lesions  were  diagnosed  as  tumor  whereas  7 
of  the  68  CXR  lesions  were  malignant.  23  of  the  27  CT  tumors  were  diagnosed  as 
stage  I.  Although  this  study  shows  potential  promise  in  the  use  of  CT  for  screening, 
additional  trials  will  be  needed  before  routine  CT  scanning  can  be  deemed  effective 
(11). 

The  past  fifteen  years  have  revealed  the  potential  of  chemoprevention  in  the  reduction 
of  mortality  associated  with  common  epithelial  cancers.  Tamoxifen  was  effective  in 
primary  prevention  of  breast  cancers  in  women  at  high  risk  (12).  Non-steroidal  anti¬ 
inflammatory  drugs  (NSAIDs)  reduced  the  risk  of  colorectal  cancer  in  participants  with 
familial  adenomatous  polyposis  (12).  Retinoids  have  in  some  studies  decreased  the 
incidence  of  second  primary  tumors  (SPTs)  in  participants  with  a  prior  squamous  cell 
carcinoma  of  the  head  and  neck  (HNSCC).  A  significant  SPT  reduction  in  stage  l-IV 
HNSCC  was  seen  with  short-term,  high-dose  13-cis  retinoic  acid  (51).  However,  a 
study  using  low-dose,  long-term  13-cis  retinoic  acid  showed  no  benefit  in  overall 
survival,  or  SPT-  or  recurrence-free  survival  (52).  In  contrast,  the  results  of  lung  cancer 
chemoprevention  trials  have  been  disappointing.  Several  large-scale  chemoprevention 
trials  have  been  performed,  including  the  Euroscan  Trial,  the  Physicians  Health  Study, 
the  Alpha-Tocopherol  and  Beta-Carotene  (ATBC)  trial,  and  the  Beta-Carotene  and 
Retinol  Efficacy  Trial  (CARET),  which  involved  thousands  of  active  smokers  followed  for 
over  ten  years.  These  studies  demonstrated  no  protective  effect  of  treatment  on  lung 
cancer  incidence  (13-15).  In  fact,  beta-carotene  treatment  appeared  to  act  as  a  co¬ 
carcinogen,  enhancing  lung  cancer  incidence  in  active  smokers.  The  failure  of  these 
large-scale  clinical  trials  has  taught  us  an  important  lesson;  it  may  be  premature  to 
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embark  on  large-scale  trials  that  involve  thousands  of  participants  and  cost  millions  of 
dollars  prior  to  demonstrating  the  efficacy  of  a  chemopreventive  agent  in  small, 
biomarker-based  clinical  trials.  Supporting  a  biomarker-based  approach  to  predicting 
the  efficacy  of  specific  lung  cancer  chemopreventive  agents,  we  found  no  effect  of  13- 
cis  retinoic  acid  on  bronchial  metaplasia  and  dysplasia  in  current  smokers  (16),  which  is 
similar  to  the  outcome  of  the  retinoid-based  large-scale  chemoprevention  trials 
described  above. 

Based  on  the  data  outlined  above,  smoking  cessation  and  primary  prevention  of 
smoking  remain  the  most  proven  measures  to  prevent  primary  lung  cancer.  Patients 
who  have  had  prior  definitively  treated  tobacco-related  cancers,  primarily  head  and  neck 
and  lung  cancers,  are  at  higher  risk  (20-40%)  for  recurrence  or  second-primary  tumors. 
No  therapies  have  proven  effective  to  prevent  lung  cancer  in  this  setting. 

2.3  Adjuvant  Therapy  for  Lung  Cancer 

Despite  surgical  treatment  of  early  stage  lung  cancer  (stage  I/ll),  only  40-70%  of 
patients  are  alive  at  5  years.  Additionally,  patients  who  have  had  prior  definitively 
treated  tobacco-related  cancers,  primarily  head  and  neck  and  lung  cancers,  are  at 
higher  risk  (20-40%)  for  recurrence  or  second-primary  tumors  during  their  lifetime.  No 
therapies  have  proven  effective  to  prevent  lung  cancer  in  this  setting. 

Radiation  therapy  given  after  complete  surgical  resection  was  one  of  the  earliest  forms 
of  adjuvant  therapy  explored.  As  reported  in  the  PORT  meta-analysis,  2,128  patients 
from  several  trials  were  compared  (17).  Results  showed  a  detrimental  effect  of  post¬ 
operative  radiotherapy  on  survival  with  an  absolute  reduction  of  7%  at  2  years. 

Subgroup  analysis  suggested  that  this  occurred  in  the  N0-1  disease  subgroup  and  not 
in  the  N2  group.  As  various  surgical  and  radiotherapy  techniques  were  used, 
randomized  trials  are  still  needed  to  further  clarify  the  role  of  radiotherapy,  especially  in 
those  patients  with  N2  disease. 

Chemotherapy  has  been  tested  as  adjuvant  therapy  in  resected  early  stage  primary 
lung  cancers  in  multiple  trials.  Earlier  trials  prior  to  1980  of  single-agent  chemotherapy 
as  adjuvant  therapy  with  alkylating  agents  failed  to  show  a  survival  benefit  and  in  fact, 
showed  a  detrimental  effect  on  survival.  A  recent  meta-analysis  of  all  randomized  trials 
over  a  26  year  period  showed  that  the  absolute  risk  of  death  was  reduced  by  3%  at  2 
years  and  5%  at  5  years  for  patients  who  had  been  treated  with  a  cisplatin-containing 
regimen  as  opposed  to  surgical  resection  (18-23,  50). 

2.4  Cyclooxygenase  and  Cancer  Prevention 

Cyclooxygenase  (COX)  inhibitors  are  being  studied  in  cancer  treatment  and  prevention. 
There  is  an  increasing  body  of  evidence  that  non-steroidal  anti-inflammatory  drugs 
(NSAIDs)  can  prevent  cancer  in  humans  (24).  Most  of  the  epidemiological  studies 
examining  NSAIDs  as  chemopreventive  agents  have  examined  the  roles  of  these 
agents  in  colorectal  cancer.  Both  retrospective  and  prospective  studies  have  shown 
that  aspirin,  sulindac,  and  celecoxib  can  prevent  colon  cancer  and  colorectal  polyps  in 
humans  (25-28).  In  addition,  a  prospective  study  of  12,668  subjects  showed  that  the 
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incidence  of  lung  cancer,  breast  cancer,  and  colon  cancer  was  lower  in  those  who 
reported  aspirin  use  (29).  The  exact  mechanism  of  action  of  the  NSAIDs  in  cancer 
prevention  is  unclear,  although  it  is  likely  that  the  inhibition  of  cyclooxygenase-2  (COX- 
2)  is  at  least  partly  responsible  for  their  chemopreventive  effects. 

Most  NSAIDs  have  pleiotropic  biological  effects,  including  the  inhibition  of 
cyclooxygenase.  There  are  two  identified  cyclooxygenase  enzymes,  COX-1  and  COX- 
2.  Most  tissues  express  COX-1  constitutively,  COX-2  is  inducible  and  increased  levels 
are  seen  with  inflammation  and  in  many  types  of  cancer,  including  NSC LC  and  H NSC C. 
Due  to  the  NSAID  side-effect  of  bleeding,  which  was  attributed  to  COX-1  inhibition  in 
platelets,  selective  COX-2  inhibitors  were  developed  (e.g.  ceiecoxib  and  rofecoxib). 
COX-2  inhibitors  have  been  used  in  a  variety  of  pre-clinical  studies  to  examine  the 
effect  of  COX-2  inhibition  on  a  variety  of  tumor  types,  including  NSCLC. 

Examination  of  NSCLC  tumor  tissue  from  humans  by  immunohistochemistry,  in  situ 
hybridization  for  mRNA,  or  RT-PCR  by  several  independent  investigators  has  shown 
that  COX-2  is  frequently  expressed  in  NSCLC  and  in  premalignant  lesions  (30-33). 
COX-2  expression  correlates  with  a  worse  prognosis,  at  least  in  those  with  early  stage 
disease  (34-36).  In  contrast,  adjacent  histologicaiy  normal  epithelium  as  well  as 
histologicaly  normal  epithelium  from  smokers  without  known  cancer  shows  negligible 
COX-2  expression  (37,  38). 

Inhibition  of  COX-2  by  genetic  and  pharmacological  methods  have  led  to  decreased 
growth,  decreased  invasion,  decreased  angiogenesis,  increased  tumor  lymphocyte 
infiltration,  and  increased  apoptosis  of  NSCLC  cancer  cells  in  vitro  and  in  vivo  in  human 
tumor  xenografts  in  mice  (39-46).  Interestingly,  there  is  significant  data  that  suggests 
that  the  effects  of  NSAIDs  and  even  selective  COX-2  inhibitors  may  be  independent  of 
COX-2  inhibition  (47-49).  However,  despite  this  controversy  about  mechanism,  the 
biological  effects  of  NSAIDs  have  been  clearly  seen  in  pre-clinical  models  of  NSCLC  by 
many  independent  investigators. 

2.5  Rationale  for  Therapy  with  Ceiecoxib 

Recent  studies  have  been  done  in  order  to  assess  the  effect  of  ceiecoxib  in 
chemoprevention  and  treatment  of  non-small  cell  lung  cancer  (NSCLC).  Ceiecoxib 
inhibited  the  growth  of  seven  NSCLC  cell  lines  in  a  time-  and  dose-dependent  fashion, 
with  an  IC50  ranging  from  20  to  30  jjM.  Ceiecoxib  induced  apoptosis  at  concentrations 
>50  pM.  These  effects  of  ceiecoxib  appeared  to  be  independent  of  COX-2  protein 
levels.  Based  on  the  clinical  and  pre-clinical  data  outlined  above,  chemopreventive  trials 
for  NSCLC  using  selective  COX-2  inhibitors  are  well  supported  and  have  been 
proposed.  These  agents  are  well  tolerated  for  sustained  use  with  relatively  few  side 
effects  and  may  have  the  added  benefit  of  preventing  multiple  types  of  cancer  (27-29). 
Thus,  substantial  preclinical  and  clinical  data  support  the  hypothesis  that  strategies  to 
target  COX-2  will  be  effective  in  lung  cancer  chemoprevention.  These  findings  suggest 
that  ceiecoxib  may  be  useful  for  lung  cancer  chemoprevention,  adjuvant  therapy,  and 
treatment. 
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2.6  Study  Drug  Information  (see  Appendix  C)  (53-55) 

Celecoxib  (marketed  under  the  brand  name  of  Celebrex)  is  an  FDA  approved  drug  for 
treatment  of  the  symptoms  of  osteoarthritis  and  rheumatoid  arthritis,  and  for  the 
reduction  in  the  number  of  adenomatous  colorectal  polyps  in  familial  adenomatous 
polyposis  (FAP),  as  an  adjunct  to  usual  care,  Celecoxib  is  a  specific  inhibitor  of  the 
inducible  form  of  the  cyclooxygenase  enzyme.  It  has  approximately  a  375-foJd  COX- 
2:COX-1  specificity  ratio  in  vitro.  Serious  toxicities  of  celecoxib  are  uncommon  and 
include  gastrointestinal  (Gl)  bleeding,  allergic  reactions,  abnormalities  in  liver  function 
tests,  aggravated  hypertension,  and  anemia. 

Results  from  Three  Cancer  Prevention  Clinical  Trials,  December.  2004; 

Safety  information  from  the  following  three  cancer  prevention  trials  was  reported  from 
the  studies’  Independent  Data  Safety  Monitoring  Boards: 

1.  Adenoma  Prevention  with  Celebrex  (APC)  (National  Cancer  Institute) 

2.  Prevention  of  Spontaneous  Adenomatous  Polyps  (PreSAP)  trials  (National 
Cancer  Institute) 

3.  Alzheimer's  Prevention  study  (ADAPT)  (National  Institute  of  Aging) 

The  following  is  a  summary  of  the  results  of  these  three  studies: 

•  The  cancer  prevention  studies  used  the  same  cardiovascular  review  board 
(commissioned  by  the  data  safety  monitoring  boards  of  the  two  respective 
trials)  to  adjudicate  the  results  and  used  the  same  analysis  methods. 

Patients  in  the  studies  were  treated  for  up  to  4  years, 

•  In  one  of  these  studies  (APC),  but  not  the  other  (preSAP),  celecoxib 
demonstrated  a  statistically  significant  increased  cardiovascular  risk  over 
placebo. 

•  A  third  trial  (ADAPT)  compared  celecoxib  to  either  naproxen  sodium  or 
placebo  in  a  group  of  patients  at  risk  for  Alzheimer's  disease  treated  for  up  to 
3  years.  Preliminary  safety  data  (not  yet  adjudicated)  from  this  study  indicate 
an  increased  cardiovascular  risk  with  naproxen  sodium  but  not  with  celecoxib 
relative  to  placebo. 


Cross-sensitivitv  and/or  related  problems 

Celecoxib  may  cause  bronchoconstriction  or  anaphylaxis  in  aspirin-sensitive 
asthmatics,  especially  those  with  aspirin-induced  nasal  polyps,  asthma,  and  other 
allergic  reactions  (the  “aspirin  triad"). 

Patients  sensitive  to  other  nonsteroidal  anti-inflammatory  drugs,  aspirin,  sulfonamides, 
or  related  compounds  may  be  sensitive  to  celecoxib. 

Potential  drug  interactions  and/or  related  problems 

The  following  celecoxib  drug  interactions  and/or  related  problems  have  been  selected 
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on  the  basis  of  their  potential  clinical  significance.  This  list  is  not  necessarily  inclusive. 

Angiotensin-converting  enzyme  (ACE)  inhibitors:  Concurrent  use  with  celecoxib 
may  decrease  the  antihypertensive  effects  of  ACE  inhibitors.  There  is  also  increased 
risk  of  renal  failure  in  patients  taking  these  medications 

Antacids  containing  aluminum  or  magnesium:  The  administration  of  celecoxib  with 
an  aluminum-  or  magnesium-containing  antacid  has  been  reported  to  result  in  a  37% 
decrease  in  the  peak  plasma  concentration  and  a  10%  decrease  in  the  area  under  the 
plasma  concentration-time  curve  [AUC]  of  celecoxib. 

Aspirin:  Concurrent  use  with  celecoxib  may  result  in  celecoxib-induced  gastrointestinal 
ulceration  or  other  gastrointestinal  complications.  Therefore,  low-dose  aspirin  is 
recommended. 

Diuretics,  thiazide  or  Furosemide:  Nonsteroidal  anti-inflammatory  drugs  may 
decrease  the  natriuretic  effects  of  diuretics,  possibly  by  inhibiting  renal  prostaglandin 
synthesis.  Also,  the  risk  of  renal  failure  is  increased  in  patients  taking  these 
medications. 

Fluconazole:  In  clinical  trials,  concurrent  administration  of  fluconazole  200  mg  daily 
resulted  in  a  twofold  increase  in  plasma  concentration  of  celecoxib.  The  increase  in 
plasma  concentration  of  celecoxib  was  due  to  the  inhibition  of  celecoxib  metabolism  via 
P450  2C9  by  fluconazole.  Therefore,  if  celecoxib  is  coadministered  with  fluconazole, 
the  dose  of  celecoxib  should  be  initiated  at  the  lowest  recommended  dose. 

Lithium:  A  17%  increase  in  the  plasma  concentration  of  lithium  has  been  reported  in 
patients  receiving  lithium  450  mg  twice  a  day  with  celecoxib  200  mg  twice  a  day 
compared  with  patients  receiving  lithium  alone.  Therefore,  monitoring  of  lithium 
concentrations  is  recommended  when  treatment  is  initiated  and  when  treatment  with 
celecoxib  is  discontinued. 

Warfarin:  Clinical  studies  reported  that  celecoxib  does  not  alter  the  anticoagulant 
effects  of  warfarin.  Since  patients  receiving  warfarin  are  at  increased  risk  of  bleeding 
complications,  caution  is  recommended  with  concurrent  use. 

In  addition,  patients  receiving  celecoxib  therapy  who  are  known  or  suspected  to  be 
P450  2C9  poor  metabolizers  based  on  previous  history  may  have  abnormally  high 
plasma  levels  of  celecoxib  due  to  reduced  metabolic  clearance.  Therefore,  celecoxib 
should  be  administered  with  caution  in  these  patients. 

Side/Adverse  Effects 

The  following  potential  adverse  events  are  considered  to  be  more  in  frequency:  edema, 
skin  rash,  upper  respiratory  tract  infection. 

The  following  potential  adverse  events  are  considered  to  be  less  in  frequency  or  rare: 
bronchitis,  dyspnea,  gastritis,  gastroenteritis,  gastrointestinal  bleeding  or  ulceration, 
allergic  reactions,  abnormalities  in  liver  function  tests,  aggravated  hypertension, 
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anemia,  influenza-like  symptoms,  tachycardia,  weight  gain,  back  pain,  diarrhea, 
dizziness,  dyspepsia,  flatulence,  headache,  insomnia,  nausea,  pharyngitis,  rhinitis, 
sinusitis,  stomach  pain,  anxiety,  anorexia,  arthralgia,  asthenia,  blurred  vision, 
constipation,  depression,  dry  mouth,  dysphagia,  esophagitis,  fatigue,  fever,  hot  flashes, 
increased  sweating,  nervousness,  palpitations,  paresthesias,  somnolence,  taste 
perversion,  tendonitis,  tinnitus,  vertigo,  vomiting. 


3.0  Study  Design  and  Overview 

The  primary  objective  of  this  phase  lib  study  is  to  determine  the  effect  of  celecoxib  on 
bronchial  histological  change  in  patients  at  high  risk  for  developing  NSCLC.  Other 
objectives  are  to  determine  if  celecoxib  is  tolerable  in  this  patient  population  and  to 
examine  effects  on  markers  of  proliferation  and  apoptosis  and  the  incidence  of  second 
primary  tumors  and  recurrences. 

Patients  with  stage  I  or  II  HNSCC  or  NSCLC  after  definitive  local  therapy  who  have  no 
evidence  of  disease  will  be  treated  with  celecoxib  for  one  year.  Patients  will  be 
evaluated  with  spiral  CT,  fluorescent  bronchoscopy,  and  serologies  per  the  vanguard 
trial,  Detailed  description  of  the  vanguard  trial  can  be  found  in  a  separate  protocol.  All 
patients  need  to  consent  to  the  vanguard  trial  first  before  consenting  to  the  current 
study.  This  celecoxib  study  is  the  first  of  the  four  sequentially  planned  biological 
adjuvant  studies  in  conjunction  with  the  vanguard  study. 

Clinical  studies  with  celecoxib  given  as  a  single  agent  show  that  this  medication  is  well 
tolerated  with  well-defined,  toxicity  profiles. 

No  specific  demographic  or  gender  groups  will  be  targeted. 

Patients  will  be  consented  by  the  treating  physician  and  the  research  nurse.  Witnesses 
will  be  clinic  nurses  or  other  members  present  during  the  informed  consent  interview 
process.  Patients  may  request  information  and  decide  to  enroll  at  a  later  date.  Follow¬ 
up  will  occur  through  the  research  nurse. 


4.0  Patient  Eligibility 
4.1  Inclusion  criteria 

1.  Patients  with  either:  a)  histologically  proven  stage  I,  II,  or  Ilia  NSCLC  who  have 
undergone  a  complete  surgical  resection  of  the  primary  tumor  OR  b)  stage  I  or  II 
HNSCC  who  have  undergone  definitive  local  treatment  {surgery  or  radiation 
therapy). 

2.  HNSCC  patients:  Definitive  local  treatment  <  12  months  prior  to  trial  enrollment. 
NSCLC  patients:  Surgery  <  12  months  prior  to  trial  enrollment. 

3.  No  evidence  residual  cancer 

4.  Smoking  history  of  at  least  10  pack  years.  May  be  current  or  former  smoker. 
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5.  Performance  status  of  <  2  (Zubrod,  appendix  E) 

6.  Age  >18  years 

7.  Participants  must  have  no  contraindications  for  undergoing  bronchoscopy, 

8.  Patients  must  have  no  active  pulmonary  infections. 

9.  Participants  must  not  be  taking  oral  non-steroidal  anti-inflammatory  drugs  on  a 
regular  basis. 

1 0.  Participants  must  have  the  following  blood  levels:  total  granulocyte  count  >1 500; 
platelet  count  >  100,000;  total  bilirubin  <  1.5  mg  %;  and  creatinine  <  1.5  mg  %. 

1 1 .  Participants  must  complete  the  pretreatment  evaluation  and  must  consent  to 
bronchoscopy  and  to  endobronchial  biopsy  for  biomarker  studies. 

12.  All  subjects  who  agree  to  participate  will  be  given  a  written  and  verbal 
explanation  of  the  study  requirements  and  a  consent  form  that  must  be  signed 
prior  to  registration.  Subjects  will  be  informed  that  (a)  they  must  be  willing  to  take 
capsules  daily  for  the  duration  of  the  trial,  (b)  they  must  be  willing  to  take  biopsies 
through  bronchoscopy  and  give  blood  samples  at  the  specified  times,  (c)  they 
must  schedule  and  keep  the  specified  follow-up  visits  with  their  physicians  and 
the  study  clinics,  and  (d)  side  effects  and  health  risks  may  occur,  as  described  in 
the  informed  consent  form. 

13.  Participant  must  be  enrolled  in  MDACC  protocol  #2003-0424  titled  "A  Phase  lib 
Vanguard  Study  Characterizing  the  Occurrence  of  Recurrent  or  Second  Primary 
Tumors  in  Patients  with  a  Prior  History  of  a  Definitively  Treated  Stage  I/ll  Head 
and  Neck  or  Non-Small  Cell  Cancer  who  are  Current  or  Former  Smokers." 

14.  Patients  with  prior  head  and  neck  cancer  only:  Participants  must  have  no 
contraindications  for  undergoing  laryngoscopy. 

15.  Subject  must  be  considered  legally  capable  of  providing  his  or  her  own  consent 
for  participation  in  this  trial. 

4.2  Exclusion  Criteria 

1.  History  of  radiation  therapy  to  the  chest.  For  those  patients  with  head  and  neck 
cancer  who  received  radiation,  no  more  than  10%  of  the  lung  volume  (apices) 
may  be  included. 

2.  History  of  systemic  chemotherapy.  Exception:  NSCLC  patients  may  have  had 
up  to  4  cycles  of  platinum-based  doublet  therapy. 

3.  Pregnant  or  breast-feeding  (a  negative  pregnancy  test  within  72  hours  of 
enrollment  for  women  with  child-bearing  potential  is  required) 

4.  Participants  with  active  gastric  or  duodenal  ulcers  or  a  history  of  ulcers  requiring 
prophylactic  H2  blockers. 

5.  Participants  with  active  pulmonary  infections  or  recent  history  of  pulmonary 
infection  (within  one  month). 

6.  Participants  with  acute  intercurrent  illness. 

7.  Participants  requiring  chronic  ongoing  treatment  with  NSAIDs.  (Casual  or  non- 
prescribed  use  of  NSAIDs  is  permitted  as  long  as  their  use  does  not  exceed  one 
week  at  a  time.) 

8.  Participants  who  are  allergic  to  aspirin  or  sulfanamides. 

9.  Patients  may  not  take  high  dose  antioxidants  (vitamins  E  or  C)  during  the  study 
period.  “High  dose’  wilt  be  determined  by  the  study  investigators. 
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1 0.  Patients  may  not  take  high  dose  synthetic  or  natural  Vitamin  A  derivatives  (> 
10,000  IU  per  day). 

1 1 .  History  of  biologic  therapy 

12.  Women  of  childbearing  potential  and  men  with  partners  of  childbearing  potential 
who  are  not  using  an  effective  method  of  contraception.  Use  of  contraception  will 
be  verified  at  office  visits  during  first  year  on  study. 

In  addition,  the  following  exclusion  criteria  have  been  added  to  address  the 

cardiovascular  risk  associated  with  celecoxib: 

a.  History  of  cardiovascular  diseases  that  might  include  one  of  the  following: 
myocardial  infarction,  angina,  coronary  angioplasty,  congestive  heart  failure, 
stroke,  or  coronary  bypass  surgery, 

b.  Diagnosis  of  diabetes 

c.  History  of  deep  venous  thrombosis,  pulmonary  embolism,  systemic  lupus 
erythermatous,  family  history  of  protein  S  or  C  deficiencies,  prior  heparin-induced 
thrombocytopenia,  or  known  Factor  V  Leiden  mutation. 

d.  Family  history  of  premature  CAD.  This  is  defined  as  individuals  with  either:  1) 
father  with  Ml  prior  to  age  55,  or  2)  mother  with  Ml  prior  to  age  60. 


Patients  will  be  enrolled  from  the  Thoracic/Head  and  Neck  Medical  Oncology  and 
Surgical  Oncology  clinics  at  M.  D.  Anderson  and  from  respective  clinics  at  the  other 
sites.  Research  nurses  will  also  identify  candidates  from  the  clinic  rosters  and  promote 
awareness  in  the  community  through  various  media  outlets. 

Children,  pregnant  women,  and  breast-feeding  women  will  not  be  enrolled  into  the 
study.  Participants  will  be  consented  by  procedures  described  in  sections  3.0  and  13.4. 
The  consent  process  and  informed  consent  document  will  clearly  state  that  patients  are 
not  required  to  participate  in  the  study  and  that  they  may  stop  participation  in  the  study 
at  any  time. 


5.0  Treatment  Plan 

Patients  who  meet  the  eligibility  criteria  in  section  4  will  be  randomly  assigned  in  a  2.5:1 
ratio  to  either:  1)  treatment  with  celecoxib  or  2)  no  treatment.  Patients  assigned  to 
treatment  will  be  treated  for  a  total  of  12  months.  All  patients  will  undergo  a 
bronchoscopy  and  spiral  CT  at  baseline.  These  studies  will  be  repeated  12  months 
after  baseline.  The  plan  is  to  start  treatment  patients  at  dose  level  0  and  reduce  the 
dose  as  outlined  in  section  6.3.  There  will  be  no  dose  escalation. 

Patients  will  be  followed  for  up  to  3  years  after  the  first  12  month  period,  for  a  total  of  up 
to  4  years. 
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Celecoxib  will  be  administered  in  oral  200  or  400  mg  capsules.  Patients  will  take  the 
celecoxib  by  mouth  twice  daily  at  least  8  hours  apart.  Prior  to  study  entry,  all  NSCLC 
patients  will  be  counseled  on  the  risks  and  benefits  of  systemic  chemotherapy  as 
adjuvant  therapy  and  recent  trials  that  have  been  reported  (i.e.,  International  Adjuvant 
Lung  Cancer  Trial  (IALT))  (50).  Only  NSCLC  patients  not  wishing  to  receive  adjuvant 
chemotherapy  will  be  eligible  for  enrollment  into  this  trial. 

5.1  Severe  Dysplasia/Carcinoma  in  Situ 

Any  participants  found  to  have  severe  dysplasia  or  carcinoma  in  situ  at  initial  or 
subsequent  bronchoscopy  will  be  strongly  encouraged  to  undergo  additional 
bronchoscopies  at  6-month  intervals.  Any  participant  discovered  to  have  invasive 
carcinoma  at  any  time  during  the  study  will  be  referred  for  appropriate  intervention  (CIS 
pathway  Appendix  B). 

5.2  Smoking  Cessation  Program 

Any  participant  who  is  a  current  smoker  will  be  offered  participation  in  a  smoking 
cessation  program. 


6.0  Study  Activities 

6.1  Pre-Study  Evaluations  (see  Appendix  I) 

Unless  otherwise  noted,  labs,  physical  exams,  imaging  studies,  and  the  laryngoscopy 
are  to  be  performed  within  4  weeks  of  beginning  participation  in  this  study. 

1.  Signed  informed  consent 

2.  Medical  history  including  smoking  history  (duration  and  intensity) 

3.  Physical  exam:  including  height,  weight,  Zubrod  performance  status  assessment. 
Vital  signs  including  pulse,  blood  pressure,  temperature 

4.  Bronchoscopy 

5.  Buccal  brushing 

6.  Sputum  and  saliva  sample 

7.  Serum  sample  for  biomarkers 

8.  Serum  chemistry  and  electrolytes  to  include:  BUN,  creatinine,  total  bilirubin, 
SGPT,  alkaline  phosphatase,  albumin 

9.  Hematology  to  include:  CBC  with  automated  differential  and  platelet  count 

10.  Chest  x-ray 

11.  CT  scan  of  chest 

12.  Laryngoscopy  for  patients  with  prior  head  and  neck  cancers 

13.  PT 

14.  Pregnancy  test  (urine  or  serum)  for  females  of  childbearing  potential  within  72 
hours  prior  to  enrollment 

15.  Lipid  profile 
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The  following  steps  will  be  taken  in  order  to  minimize  the  cardiovascular  risk  for  study 
participants: 

1.  Patients  with  uncontrolled  hypertension  should  receive  treatment  according  to 
JNC-7  guidelines  (appendix  J)  for  their  hypertension  before  beginning 
treatment  on  this  study.  The  treating  physician  will  consult  with  Cardiology 
regarding  this  treatment. 

2.  Uncontrolled  hypercholesteremia  [low-density  lipoprotein  cholesterol  (LDL-C) 

>  130]  needs  to  be  controlled  following  the  updated  National  Cholesterol 
Education  Program  Adult  Treatment  Panel  III  Guidelines  (see  Appendix  K) 
prior  to  enrolling  in  the  study.  Hypercholesteremia  treatment  should  continue 
during  the  entire  period  of  ceiecoxib  treatment  on  the  protocol. 

3.  Patients  who  are  currently  taking  low-dose  aspirin  (<  81  mg/day)  or  Pfavix 
therapy  will  continue  to  do  so.  However,  these  patients  will  be  informed  that 
taking  either  low-dose  aspirin  or  Piavix  in  combination  with  ceiecoxib  may 
increase  their  risk  of  bleeding.  Patients  who  experience  bleeding  diathesis 
during  treatment  will  be  removed  from  the  protocol. 

4  Patients  with  metabolic  syndrome  will  be  aggressively  managed  according  to 
the  National  Cholesterol  Education  Program  (NCEP)  using  ATP  III  Guidelines 
(see  Appendix  K).  Information  on  the  NCEP  can  be  found  at: 
http://www.nhlbi.nih.Qov/about/nceD/index.htm 


6.2  Treatment  Evaluations  while  on  study  (see  Appendix  I) 

The  participant  will  be  observed  on  the  study  for  a  total  of  36  months.  Treatment 
evaluations  will  include  those  as  part  of  the  Vanguard  trial  as  well  as  additional  testing 
for  those  enrolled  on  this  adjuvant  study  including: 

1.  Patients  randomized  to  receive  ceiecoxib:  Medical  history  and  physical  exam  by 
a  physician  or  nurse  at  3,  6,  and  12  months.  Upon  completion  of  ceiecoxib 
patients  will  be  followed  monthly  until  resolution  of  symptoms  from  study 
medications.  A  focused  history  and  physical  will  be  done  to  evaluate  and 
document  any  symptoms  of  Gl  bleeding,  vision  changes,  rash,  headache, 
arthralgias,  dyspepsia,  or  other  symptoms.  At  each  visit,  patients  wifi  be 
evaluated  for  cardiac  symptoms,  including  chest  pain,  shortness  of  breath,  and 
palpitations.  If  a  participant  develops  cardiac  symptoms  during  the  trial,  s/he  will 
be  referred  to  the  consulting  cardiologist. 

Patients  randomized  to  no  treatment:  Medical  history  and  physical  exam  by  a 
physician  or  nurse  at  months  6  and  12.  Nursing  follow-up  by  phone  at  months  3 
and  9. 

All  patients:  Medical  history  and  physical  exam  by  physician  at  months  24  and 
36.  Medical  history  and  nursing  exam  at  months  18  and  30,  After  36  months, 
the  patient  will  have  a  medical  history  and  physical  exam  every  6  months.  The 
exam  will  be  performed  by  a  physician  every  12  months  after  36  months.  The 
other  physical  exams  will  be  performed  by  a  nurse. 
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2.  Bronchoscopy  at  months  12,  24  (optional),  and  36  (optional),  Assessment  of 
histology  and  biomarkers  will  be  performed  in  the  tissue  biopsy  at  the  same  time. 
If  an  intercurrent  illness  coincides  with  a  time  period  where  bronchoscopy  is 
scheduled,  the  bronchoscopy  will  be  delayed  30  days  or  until  resolution  of  the 
illness. 

3.  Buccal  brushing  at  months  12,  24  (optional),  and  36  (optional). 

4.  Sputum  and  saliva  sample  at  months  12,  24  (optional),  and  36  (optional). 

5.  Serum  chemistry  and  electrolytes  to  include  BUN,  creatinine,  SGPT,  total 
bilirubin,  alkaline  phosphatase,  albumin  at  months  3  (patients  randomized  to 
celecoxib  only),  6,  12,  18,  24,  30  and  36.  After  36  months,  the  participant  will 
have  assessments  every  12  months  for  as  long  as  s/he  remains  observed  on  the 
study. 

6.  Hematology  to  include:  CBC  with  automated  differential  and  platelet  count  at 
month  3  (patients  randomized  to  celecoxib  only),  6,  12, 18,  24,  30  and  36.  After 
36  months,  the  participant  will  have  assessments  every  12  months  for  as  long  as 
s/he  remains  observed  on  the  study. 

7.  Serum  samples  for  biomarkers  will  be  collected  at  months  3,  6,  12,  18,  24,  30 
and  36.  After  36  months,  the  participant  will  have  assessments  every  12  months 
for  as  long  as  s/he  remains  observed  on  the  study. 

8.  Chest  x-ray  at  6, 12, 18,  24,  30  and  36  months. 

9.  Chest  CT  at  6.  12, 18,  24,  30  and  36  months. 

10.  Head  neck  exam  with  laryngoscopy  at  12  months  for  those  patients  with  prior 
head  and  neck  cancer. 

6.3  Dose  modifications 

All  patients  will  start  at  dose  level  0.  There  will  be  no  planned  dose  escalation.  The  NCI 
Common  Terminology  Criteria  for  Adverse  Events  v3.0  (CTCAE)  will  be  used  (appendix 
F).  Patients  who  experience  any  grade  2  or  3  toxicity  will  have  medication  held  until 
resolution  to  grade  0-1  and  then  medication  will  be  restarted  at  the  next  lower  dose 
level.  Patients  who  experience  any  grade  4  toxicity  will  have  medication  held  until 
resolution  to  grade  0-1  and  then  medication  will  be  restarted  at  the  dose  two  levels 
below  that  at  which  the  grade  4  toxicity  occurred. 


Dose  Level 

Celecoxib 

0 

600  mg  QD 

-1 

400  mg  QD 

-2 

200  mg  QD 

-3 

Discontinue 

6.4  Long  Term  Follow  up 

All  participants  will  be  followed  until  approximately  36  months  after  study  enrollment  at 
which  time  repeat  testing  and  assessment  will  be  done  including  optional  bronchoscopy 
Participants  will  then  be  followed  at  6  month  intervals  until  the  study  is  completed 
Participants  will  be  followed  for  survival  with  an  annual  follow-up  appointment  and  form 
to  be  completed  for  at  least  one  year  after  final  participant  enrolled  completes  a  36 
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month  evaluation  or  a  maximum  follow-up  of  6  years.  We  plan  to  begin  enrolling 
participants  in  this  study  in  5/05.  We  expect  that  participants  will  be  followed  until  4/10. 

6.5  Early  withdrawal 

Early  withdrawal  is  defined  as  a  participant  who  is  unable  to  continue  participation  on 
the  study,  participant  refusal,  or  noncompliance.  The  following  study  activities  will  be 
completed  at  early  withdrawal  or  at  the  end  of  study, 

1.  Medical  history  including  documentation  of  smoking  status 

2.  Physical  exam 

3.  Radiologic/  (optional)  bronchoscopic  assessment  with  tissue/sputum/washings 
samples 

4.  Serum  chemistry  and  electrolytes  to  include:  BUN,  creatinine,  sodium, 
potassium,  chloride,  glucose,  total  bilirubin,  SGPT,  alkaline  phosphatase,  and 
albumin. 

5.  Hematology  to  include:  CBC  with  automated  differential  and  platelet  count 

6.  Serum  collection  for  biomarker  studies 

7.  Record  for  concomitant  medications. 

8.  Monitor  for  adverse  events. 

6.6  Study  Procedures 

Please  refer  to  the  Vanguard  Protocol  (MDACC  protocol  #2003-0424,  titled  “A  Phase  lib 
Vanguard  Study  Characterizing  the  Occurrence  of  Recurrent  or  Second  Primary 
Tumors  in  Patients  with  a  Prior  History  of  a  Definitively  Treated  Stage  I/ll  Head  and 
Neck  or  Non-Small  Cell  Cancer  who  are  Current  or  Former  Smokers")  for  specific 
details  of  the  trial  procedures. 

6.7  Handling  and  Dispensing  of  Celebrex™ 

Celebrex™  must  be  dispensed  only  from  official  study  sites  by  authorized  personnel 
according  to  local  regulations,  It  should  be  stored  in  a  secure  area  according  to  local 
regulations,  It  is  the  responsibility  of  the  Investigator  to  ensure  that  study  drug  is  only 
dispensed  to  study  patients.  Unless  otherwise  instructed  by  Pfizer  in  writing,  the 
Institution  will  destroy  any  supplies  of  Celebrex™  that  expire  during  this  study.  The 
Institution  will  destroy  these  materials  in  accordance  with  all  applicable  regulations  and 
governmental  guidelines  and  institutional  policies. 


7.0  Investigational  Centers 

Patients  will  be  seen  and  enrolled  at  the  University  of  Texas  M,  D.  Anderson  Cancer 
Center,  Department  of  Thoracic/Head  and  Neck  Medical  Oncology  clinics,  Houston,  TX, 
Additional  study  sites  include:  1)  Eisenhower  Army  Medical  Center,  Fort  Gordon,  GA, 

2)  Conemaugh  Memorial  Medical  Center,  Johnstown,  PA,  and  3)  The  Methodist 
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Hospital,  Houston,  TX.  Laboratory  studies  will  also  be  performed  at  each  of  these  sites. 
Additional  sites  may  be  added  throughout  the  study. 

7.1  Investigator  Contact  Information 

Principal  Investigator: 

Waun  Ki  Hong,  MD 

University  of  Texas  M.D.  Anderson  Cancer  Center 

1515  Holcombe  Blvd.,  Unit  432 

Houston,  TX  77030 

Phone:  713-792-6363 

Fax:  713-792-1220 

e-mail:  whong@mdanderson.org 

Co-Principal  Investigator: 

Edward  Kim,  MD 

University  of  Texas  M.D.  Anderson  Cancer  Center 

1515  Holcombe  Blvd.,  Unit  432 

Houston,  TX  77030 

Phone:  713-792-6363 

Fax:  713-792-1220 

e-mail:  edkim@mdanderson.org 


8.0  Criteria  for  Discontinuation  of  Therapy 

Patients  will  be  removed  from  therapy  for  any  of  the  following  reasons: 

1.  Dose  reduction  to  the  -3  level  (above) 

2.  Pregnancy  or  planned  pregnancy 

3.  Patient  requests  to  withdraw 

4.  Unwilling  or  unable  to  comply  with  study  requirements 

5.  Identification  of  recurrent  or  new  cancer 

6.  Unrelated  intercurrent  illness  that  will  affect  assessment  of  clinical  status  to  a 
significant  degree  as  determined  by  the  principal  investigator  or  the  treating 
physician 

7.  The  treating  physician  or  investigator  must  discontinue  therapy  if  he/she  thinks 
that  the  patient's  health  or  well-being  is  threatened  by  continuation  of  therapy, 

If  any  safety  parameters  show  a  clinically  significant  change  from  baseline  that  warrants 
early  termination  of  treatment,  the  patient  wiil  continue  with  the  scheduled  study-related 
procedures.  Appropriate  safety  monitoring  will  continue  until  the  patient  is  discharged 
from  the  study.  Patients  withdrawn  from  the  study  will  be  followed  until  resolution  of 
toxicity.  The  reason  for  and  date  of  the  discontinuation  will  be  obtained.  The  date  of 
the  last  dose  of  study  medication  will  also  be  obtained. 
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9.0  Adverse  Events 

9.1  Assessment  of  Adverse  Event  Severity  &  Relationship  to  Treatment 

All  serious  adverse  events  (defined  below),  whether  or  not  deemed  drug-related  or 
expected,  must  be  reported  by  the  Principal  Investigator  or  designee  to  the  HSRRB 
and/or  USAMRMC,  Human  Research  Protection  Office  within  24  hours  (one  working 
day)  by  telephone.  A  written  report  must  follow  as  soon  as  possible,  which  includes  a 
full  description  of  the  event  and  any  sequelae,  This  includes  serious  adverse  events 
that  occur  any  time  after  the  inclusion  of  the  subject  in  the  study  (defined  as  the  time 
when  the  subject  signs  the  informed  consent)  up  to  30  days  after  the  subject  completed 
or  discontinued  the  study.  The  subject  is  considered  completed  either  after  the 
completion  of  the  last  visit  or  contact  (e  g.,  phone  contact  with  the  Investigator  or 
designee).  Discontinuation  is  the  date  a  subject  and/or  Investigator  determines  that  the 
subject  can  no  longer  comply  with  the  requirements  for  any  further  study  visits  or 
evaluations  (e.g,,  the  subject  is  prematurely  discontinued  from  the  study).  An  adverse 
event  temporarily  related  to  participation  in  the  study  should  be  documented  whether  or 
not  considered  to  be  related  to  the  test  article.  This  definition  includes  intercurrent 
illnesses  and  injuries  and  exacerbations  of  preexisting  conditions. 

Include  the  following  in  all  IND  safety  reports:  Subject  identification  number  and  initials; 
associate  investigator's  name  and  name  of  MTF;  subject’s  date  of  birth,  gender,  and 
ethnicity;  test  article  and  dates  of  administration;  signs/symptoms  and  severity;  date  of 
onset;  date  of  resolution  or  death;  relationship  to  the  study  drug;  action  taken; 
concomitant  medication(s)  including  dose,  route,  and  duration  of  treatment,  and  date  of 
last  dose. 

A  serious  adverse  event  is  any  event  that  is:  fatal;  life-threatening  (life-threatening  is 
defined  as  the  patient  was  at  immediate  risk  of  death  from  the  adverse  event  as  it 
occurred);  significantly  or  permanently  disabling;  or  requires  in-patient  hospitalization 

Important  medical  events  that  may  not  result  in  death,  be  life-threatening,  or  require 
hospitalization  may  be  considered  a  serious  adverse  drug  experience  when,  based 
upon  appropriate  medical  judgment,  they  may  jeopardize  the  patient  or  subject  and  may 
require  medical  or  surgical  intervention  to  prevent  one  of  the  outcomes  listed  in  this 
definition,  in  addition,  laboratory  value  changes  may  require  reporting. 

Reports  of  all  serious  adverse  events  must  be  communicated  to  the  appropriate 
Institutional  Review  Board  (IRB)  or  ethical  review  committee  and/or  reported  in 
accordance  with  local  laws  and  regulations, 

9.2  Procedures  for  Reporting  Serious  Adverse  Events 

Serious  and/or  unexpected  adverse  events  are  submitted  in  writing  to  the  M.D. 

Anderson  Cancer  Center  Institutional  Office  of  Protocol  Research  (OPR)  within  10 
working  days  of  the  adverse  experience  as  described  Appendix  A.  Unexpected  fatal  or 
life-threatening  experiences  are  phoned  immediately  to  the  Office  of  Protocol  Research 
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(713-792-2933).  A  follow  up  written  report  is  submitted  to  OPR  within  10  working  days. 
The  form  for  communication  to  OPR  of  all  serious  adverse  events  is  appended  to  this 
plan. 

Reports  of  all  serious  adverse  events  must  be  communicated  to  the  appropriate 
Institutional  Review  Board  (IRB)  or  ethical  review  committee  and/or  reported  in 
accordance  with  local  laws  and  regulations.  Adverse  experiences  that  are  both  serious 
and  unexpected  will  be  immediately  reported  by  telephone  to  the  USAMRMC,  Human 
Research  Protection  Office  (301-619-2165)  and  send  information  by  facsimile  to  301- 
SI  9-7803.  A  written  report  will  follow  the  initial  telephone  call  within  3  working  days. 
Address  the  written  report  to  the  U.S.  Army  Medical  Research  and  Material  Command, 
ATTN:  MCMR-HRPO,  504  Scott  Street,  Fort  Detrick,  Maryland  21702-5012. 

For  all  protocols  conducted  at  M.D.  Anderson  Cancer  Center,  the  Principal  Investigator 
is  responsible  for  submitting  adverse  event  reports  to  the  Institutional  IRB  and  DoD  on 
an  ongoing  basis.  Adverse  event  reports  are  submitted  to  the  Institutional  Office  of 
Protocol  Research  (OPR),  where  they  are  entered  into  PDMS  and  forwarded  to  the 
designated  IRB  vice  chairperson  for  review.  Attached  to  each  adverse  event  report  is  a 
listing  of  all  prior  adverse  events  submitted  for  that  protocol.  Any  comments,  questions 
or  changes  the  IRB  requests  to  the  protocol  as  a  result  of  this  review  are  conveyed  to 
the  principal  investigator.  The  investigator  response  and  protocol  modification  process 
is  monitored  by  the  IRB  vice-chairperson  and  OPR  support  staff.  The  vice  chairperson 
presents  the  report  on  adverse  event  review  to  the  full  committee  at  the  next  IRB 
meeting, 

An  adverse  event  report  compilation  is  provided  once  annually  to  the  M.D,  Anderson 
Cancer  Center  IRB,  Comments,  questions  or  other  considerations  from  the  IRB  are 
conveyed  to  the  principal  investigator  for  evaluation,  discussion  and  implementation, 

For  all  protocols  conducted  at  M.D.  Anderson  Cancer  Center,  the  Principal  Investigator 
is  responsible  for  submitting  adverse  event  reports  to  the  Institutional  IRB  on  an 
ongoing  basis.  Adverse  event  reports  are  submitted  to  the  Institutional  Office  of 
Protocol  Research  (OPR),  where  they  are  entered  into  PDMS  and  forwarded  to  the 
designated  IRB  vice  chairperson  for  review.  Attached  to  each  adverse  event  report  is  a 
listing  of  all  prior  adverse  events  submitted  for  that  protocol.  Any  comments,  questions 
or  changes  the  IRB  requests  to  the  protocol  as  a  result  of  this  review  are  conveyed  to 
the  principal  investigator.  The  investigator  response  and  protocol  modification  process 
is  monitored  by  the  IRB  vice-chairperson  and  OPR  support  staff.  The  vice  chairperson 
presents  the  report  on  adverse  event  review  to  the  full  committee  at  the  next  IRB 
meeting. 

An  adverse  event  report  compilation  is  provided  once  annually  to  the  M.D,  Anderson 
Cancer  Center  IRB.  Comments,  questions  or  other  considerations  from  the  IRB  are 
conveyed  to  the  principal  investigator  for  evaluation,  discussion  and  implementation. 


9.3  Reporting  of  Subject  Death 
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The  death  of  any  subject  during  the  study  or  within  30  days  of  study  completion  {as 
defined  above),  regardless  of  the  cause,  must  be  reported  within  24  hours  by  telephone, 
to  the  principal  investigator  and/or  study  coordinator,  and  the  HSRRB  and/or 
USAMRMC.  Human  Research  Protection  Office.  A  full  written  report  must  follow  as 
soon  as  possible.  If  an  autopsy  is  performed,  the  report  must  be  provided  to  the 
Sponsor, 

Reports  of  all  serious  adverse  events,  including  deaths,  must  be  communicated  to  the 
appropriate  Institutional  Review  Board  or  ethical  review  committee  and/or  reported  in 
accordance  with  local  law  and  regulations. 

9.4  Known  Adverse  Events  Relating  to  the  Underlying  Clinical  Condition 

These  wili  be  reported  on  the  chart  and  in  the  study  case  report  forms. 


10.0  Statistical  Considerations 

A  total  of  70  patients  will  be  recruited  in  this  trial  and  randomized  with  a  2.5:1  ratio  (via 
computerized  central  randomization)  into  active  (celecoxib  treatment)  or  the  no¬ 
treatment  control  arm.  The  standard  practice  for  these  patients  after  definitive  therapy  is 
follow-up  (no  treatment).  Therefore,  it  is  ethical  to  randomize  patients  into  the  no¬ 
treatment  control  arm.  All  patients  will  receive  comprehensive  risk  assessment  and 
screenings  as  defined  in  the  Vanguard  Trial, 

The  primary  endpoint  of  the  study  is  histological  response.  Histological  response  is 
based  on  changes  in  baseline  to  12  month  assessment  of  biopsies  taken  during 
bronchoscopy  at  six  sites  {main  carina,  carinas  at  both  upper  lobe  orifices,  carina  at 
right  middle  lobe  orifice,  carina  between  RB  9  and  RB  10  and  carina  between  LB  9  and 
LB  10)  in  the  lung.  There  are  3  critiera  for  establishing  a  response  based  upon  a  1-7 
score  assigned  to  each  biopsy  including,  1)  the  average  score  of  all  biopsies  decrease 
by  1,  2)  the  percentage  of  biopsies  with  moderate  dysplasia  or  worse  (score  5-8) 
decreases  by  10%,  and  3)  the  worst  score  improves  by  1.  A  response  is  defined  as  an 
improvement  in  at  least  2  of  the  3  criteria.  Progression  is  worsening  in  2  or  more  of  the 
3  criteria.  Otherwise,  the  histological  response  will  be  coded  as  no  change.  The 
proliferation  marker  Ki-67  will  be  used  as  a  secondary  endpoint  to  evaluate  the  efficacy 
of  the  biologic  treatment.  Other  mechanism-based  biomarkers  such  as  apoptotic  index 
will  also  be  analyzed. 

We  will  monitor  efficacy  and  toxicity  simultaneously  using  the  method  of  Bryant  and  Day 
(Biometrics  1995)  (56).  Efficacy  is  based  baseline  to  12-month  histological  response  as 
defined  above.  For  purposes  of  toxicity,  any  grade  2  or  higher  adverse  event  will  be 
counted.  Unacceptable  response  is  10%  and  a  30%  response  rate  would  be 
considered  sufficiently  active  to  warrant  further  study  of  this  regimen.  A  10%  and  40% 
grade  II  toxicity  rate  are  considered  acceptable  and  excessive,  respectively.  We 
assume  one-sided  5%  type  I  error  rates  for  both  efficacy  and  toxicity.  With  50  patients 
treated  and  evaluated,  we  have  95%  power  to  detect  clinically  meaningful  improvement 
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in  response  to  30%  at  12  months.  The  interim  analysis  will  take  place  when  20  patients 
have  been  treated  and  are  evaluable  for  response.  If  2  or  fewer  responses  are 
observed  in  the  first  20  patients  treated  with  acceptable  toxicity,  the  protocol  will  stop 
accrual  due  to  insufficient  activity.  Similarly,  if  7  or  more  patients  experience  a  grade  2 
or  higher  adverse  event  with  acceptable  response,  the  protocol  will  stop  accrual  due  to 
excessive  toxicity.  Otherwise,  the  protocol  will  continue  accrual  to  a  maximum  of  50 
patients.  If  9  or  more  patients  experience  a  response  and  36  patients  do  not  experience 
a  grade  2  or  higher  adverse  event  in  50  patients  treated  and  evaluated,  then  this 
treatment  will  be  recommended  for  further  clinical  evaluation. 

For  detecting  biomarker  modulation  on  a  continuous  variable  such  as  Ki-67,  the  paired-t 
test  will  be  performed  comparing  the  biomarker  values  before  and  after  treatment. 
Transformations  (e.g.  natural  log)  will  be  performed  if  necessary  to  meet  normality 
assumptions  of  the  test.  With  50  patients  receiving  the  biologic  treatment,  we  will  be 
able  to  detect  an  effect  size  (expected  mean  difference  divided  by  the  standard 
deviation  of  the  difference)  of  0,404  with  80%  power  and  two-sided  5%  type  I  error  rate. 

For  detecting  biomarker  modulation  on  a  dichotomous  variable,  McNemar’s  test  will  be 
used  to  compare  the  status  of  a  biomarker  such  as  present/absence  or  high/low  before 
and  after  treatment.  Assume  that  P21  and  p«  are  the  probability  changing  from  absence 
to  presence  and  from  presence  to  absence  for  a  biomarker,  pzi  +  piz  are  the  proportion 
of  discordant  pairs  pre-  and  post-treatment.  Further,  p,,  +  pi2  is  the  proportion  of 
concordant  pairs  (i.e.,  pn  =  proportion  positive  pre-  and  post-treatment  and 
p22=pro portion  negative  pre-  and  post-treatment).  Wth  50  patients  and  two-sided  5% 
type  I  error  rate,  we  will  have  85%  power  detect  a  25%  change  in  modulation  for  p2i  = 
0.05  and  p52  =  0.30  and  94%  power  to  detect  a  30%  change  for  p2i  =  0.05  and  p12  = 
0.35.  The  power  computations  are  shown  in  the  following  table. 


P2! 

Pi  a 

P  T  2  '  P21 

Power 

0.05 

0.30 

0,25 

85% 

0.10 

0.35 

0.25 

71% 

0.05 

0.35 

0.30 

94% 

0.10 

0.40 

0.30 

84% 

We  will  also  compare  the  treatment  efficacy  between  the  treatment  arm  and  the  control 
arm.  We  plan  to  treat  280  patients  in  four  sequentially  conducted  bioadjuvant  trials  (70 
patients  each);  each  trial  will  have  exactly  the  same  eligibility  criteria.  We  will  randomize 
20  patients  into  the  control  group  in  each  of  these  four  biologic-agent  trials.  We  expect 
an  additional  70  patients  will  choose  to  enroll  in  the  vanguard  (i.e.  observation  only)  part 
of  the  umbrella  trial.  Therefore,  we  will  have  20x4  +  70  =  150  control  patients  in  the 
vanguard  study  who  did  not  receive  any  active  agents.  Control  patients  will  be  analyzed 
to  test  for  any  trial-specific  difference  or  time  trend  and  will  be  combined  if  no  difference 
is  found  among  various  control  groups.  Power  calculations  for  two-sample  t-test  was 
performed  with  two-sided  5%  type  I  error  rate.  With  50  in  the  biologic  treatment  arm  and 
20  (only  control  patients  in  this  trial  is  used)  or  150  (aggregate  all  the  control  patients 
together)  in  the  control  arm,  we  will  have  80%  power  to  detect  standardized  effect  sizes 
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of  0.76  and  0.46  for  continuous  outcomes,  respectively.  For  dichotomous  outcomes, 
statistical  power  for  detecting  various  differences  is  given  in  the  following  table.  With 
20  in  the  control  arm  and  50  in  the  active  arm,  we  will  have  80%  power  to  detect  a 
difference  of  histological  response  of  5%  and  35%,  respectively.  Similarly,  85%  of 
power  can  be  achieved  if  the  response  rates  are  10%  and  45%,  respectively.  If  we 
combined  all  no-treatment  controls,  we  will  be  able  to  detect  a  25%  difference  in  the 
response  rate  with  at  least  92%  power  for  no-treatment  response  rates  from  5%  to  20%. 


Ncontrol 

Pi-Po 

P<i 

0.05 

0.10 

0.20 

20 

0.30 

80% 

73% 

65% 

0.35 

91% 

85% 

79% 

150 

0.20 

99% 

94% 

78% 

0.25 

99% 

99% 

92% 

11.0  Concomitant  Medications 

>  All  concomitant  medications  will  be  recorded. 

>  The  best  supportive  care  and  treatment  will  be  given  to  each  participant 
{antibiotics,  transfusions,  diet,  etc.) 

>  No  concurrent  investigational  agents  will  be  permitted, 

>  No  concurrent  antineoplastic  agents  or  hormonal  anticancer  therapy  will  be 
permitted. 

>  No  concurrent  radiotherapy  will  be  permitted. 

>  Participants  taking  cyclooxygenase  inhibitors,  lipoxygenase  inhibitors,  NSAIDs, 
and  steroids  will  be  encouraged  to  refrain  from  taking,  if  possible,  while  on  study 
and  at  least  4  weeks  prior  to  enrollment. 

>  Other  Concomitant  T reatment 

>  Systemic  retinoids  and  herbal  medicines  or  remedies  (including  green  tea)  must 
be  discontinued  before  entry  into  the  trial  and  are  not  allowed  during  the  trial. 
Patients  may  not  be  taking  high-dose  vitamin  A  within  30  days  of  study  entry, 

>  Other  medication,  which  is  considered  necessary  for  the  participant's  safety  and 
well  being,  may  be  given  at  the  discretion  of  the  investigator(s). 


12.0  Methods  for  Biomarker  Analysis 

All  samples  will  be  processed  and  stored  via  the  pathology  department.  Then,  the 
samples  will  be  distributed  to  specific  investigators  for  studies  including  biomarkers  of 
apoptosis  and  cell  proliferation,  gene  expression  profiling,  genomics,  proteomics,  and 
other  specified  biomarkers  of  intermediate  response. 


13.0  Study  Administration  and  Investigator  Obligations 


Protocol  2004-O1D4 
Revised  October  13, 2006 
Page  22 


13.1  Replacement  of  Subjects 

Participants  who  withdraw  from  the  study  prior  to  completion  of  the  study  treatments  for 
reasons  other  than  serious  adverse  events,  unacceptable  toxicity  or  progressive 
disease  will  be  defined  as  dropouts  and  will  be  replaced.  Replacement  participants  will 
be  assigned  the  next  sequential  number. 

13.2  Protocol  Compliance 

The  attending  physician  and  oncology  research  nurse  will  evaluate  each  participant  at 
the  initial  clinic  visit  to  determine  whether  the  participant  qualifies  for  the  study  and  at 
each  clinic  visit  thereafter  to  determine  readiness  for  bronchoscopic  procedures.  All 
required  interim  and  pretreatment  data  will  be  available  to  them  for  evaluation. 

13.3  Institutional  Review  Board 

This  study  must  have  the  approval  of  a  properly  constituted  Hospital  Ethics  Committee, 
Regional  Ethics  Committee,  or  other  Institutional  Review  Board  (IRB). 

The  investigator  must  also  report  all  serious  and  medically  significant  adverse  events  to 
the  IRB  or  Ethics  Committee,  NCI,  sponsor,  as  well  as  the  USAMRMC,  Human 
Research  Protection  Office  (see  section  9.1), 

13.4  Informed  Consent 

All  study  participants  must  sign  and  date  an  informed  consent  form  prior  to  study 
participation.  The  investigator  will  be  responsible  for  designing  the  consent  form  using 
appropriate  National  or  Regional  Guidelines  (equivalent  to  the  American  Federal 
Guidelines  Federal  Register  July  27, 1981,  or  21  CRF  Part  50,  or  International 
Committee  on  Harmonization-Good  Clinical  Practice). 

The  informed  consent  form  must  be  approved  by  the  IRB  or  Ethics  Committee.  State 
and  local  laws,  and/or  institutional  requirements  may  require  the  disclosure  of  additional 
information  on  the  informed  consent  form. 

A  copy  of  the  informed  consent  form  will  be  given  to  the  participant.  The  investigator 
will  keep  each  participant’s  signed  informed  consent  form  on  file  for  inspection  by  a 
regulatory  authority  at  any  time. 

13.5  Record  Retention 

>  The  investigator  and  other  appropriate  study  staff  will  be  responsible  for 
maintaining  all  documentation  relevant  to  the  study.  Such  documentation 
includes: 

>  Case  Report  Forms — must  be  legible,  accurate,  and  up-to-date. 

>  Copies  of  all  Serious  AE  reporting  forms  faxed  to  the  USAMRMC,  Human 
Research  Protection  Office. 

>  Participant  Files — should  substantiate  the  data  entered  in  the  CRFs  with  regard 
to  laboratory  data,  participant  histories,  treatment  regimens,  etc. 
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>  Participant  Exclusion  Log— should  record  the  reason  any  participant  was 
screened  for  the  study  and  found  to  be  ineligible, 

>  Drug  Dispensing  Log— should  record  the  total  amount  of  study  drug  received  and 
returned  to  supporter  providing  the  study  drug,  and  the  amount  distributed  and 
returned  or  destroyed.  This  information  must  agree  with  the  information  entered 
in  the  CRFs. 

>  Informed  Consent  Forms— completed  consent  forms  from  each  participant  must 
be  available  and  verified  for  proper  documentation. 

>  Informed  Consent  Log— must  identify  all  participants  who  signed  an  Informed 
Consent  Form  so  that  the  participants  can  be  identified  by  audit 

The  Investigator  must  keep  on  file  protocols,  amendments,  IRB  approvals,  all  copies  of 
Form  FDA  1572,  all  correspondence,  and  any  other  documents  pertaining  to  the 
conduct  of  the  study  for  a  minimum  of  two  (2)  years  after  notification  by  USAMRMC, 
Human  Research  Protection  Office  of  either  FDA  approval  or  discontinuation  of  the  IND. 

13.6  Case  Report  Forms 

Data  recorded  on  Case  Report  Forms  (CRFs)  must  be  legible  and  complete.  CRFs  will 
be  completed  on  a  timely  basis,  The  individual  making  the  correction  on  the  CRF  must 
initial  and  date  the  correction.  The  investigator  must  review  all  final  and  corrected 
CRFs,  Corrected  copies  of  CRFs  will  be  filed  with  the  corresponding  original. 

If  a  subject's  medical  record  is  needed,  it  will  be  requested  by  the  Principal  Investigator 
or  Co-Principal  Investigator.  The  requesting  investigator  (i.e.,  either  the  PI  or  co-PI)  will 
assume  responsibility  for  medical  record  abstraction,  which  will  be  performed  by  an 
oncology  research  nurse  and  the  PI  or  co-PI,  The  PI  and  co-PI  are  medical  oncologists. 

13.7  Study  Monitoring 

The  University  of  Texas  M.D.  Anderson  Cancer  Center  will  monitor  the  study 
investigators  in  the  Department  of  Thoracic/Head  and  Neck  Oncology,  once  a  year  or  at 
appropriate  intervals  to  assure  satisfactory  enrollment  rate,  data  recording,  and  protocol 
adherence.  The  frequency  of  monitoring  may  vary  depending  on  enrollment  rate  and 
the  quality  of  data  collected.  The  investigator  and  staff  are  expected  to  cooperate  and 
provide  all  relevant  study  documentation  in  detail  at  each  site  visit  on  request  for  review. 
Compliance  will  be  measured  by  (1)  self-reported  records  of  pill-taking  and  (2)  piil 
counts.  M.D.  Anderson  Cancer  Center  will  randomly  monitor  and/or  audit  the  other 
participating  sites  at  appropriate  intervals  to  assure  satisfactory  protocol  adherence  and 
enrollment. 

13.8  Termination  of  Study 

The  HSRRB  and/or  USAMRMC,  Human  Research  and  Protection  and  M.  D,  Anderson 
wilt  retain  the  right  to  terminate  the  study  and  remove  all  study  materials  from  the  study 
site  at  any  time.  Specific  instances  that  may  precipitate  such  termination  are  as  follows; 

>  Unsatisfactoiy  participant  enrollment  with  regard  to  quality  or  quantity 

>  Deviation  from  protocol  requirements,  without  prior  approval  from  HSRRB  and  M 
D.  Anderson. 
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>  Inaccurate  and/or  incomplete  data  recording  on  a  recurrent  basis 

>  The  incidence  and/or  severity  of  adverse  drug  events  in  this  or  other  studies 
indicating  a  potential  health  hazard  caused  by  the  treatment 

13.9  Study  Amendments 

The  investigator  will  only  alter  the  protocol  to  eliminate  apparent  immediate  hazards  to 
the  participant.  If  preliminary  or  interim  statistical  analysis  indicated  that  the 
experimental  design,  dosages  parameters,  or  selection  of  participants  should  be 
modified,  these  changes  will  be  described  in  an  amendment  to  be  approved  by  the 
institution's  and  other  appropriate  review  committees  after  consultation  with  the 
statistician  and  Study  Chairman.  Any  amendments  cannot  be  enacted  unless  approved 
by  the  HSRRB  and/or  USAMRMC,  Human  Research  Protection  Office.  All  revisions 
made  to  protocols  previously  approved  by  the  IRB  will  be  submitted  to  the  IRB  for 
approval  prior  to  implementation  of  the  revision.  If  the  IRB  decides  to  disapprove  a 
research  activity,  it  shall  included  in  its  written  notification  a  statement  of  the  reasons  for 
its  decision  and  give  the  investigator  an  opportunity  to  respond  in  person  or  in  writing. 

No  changes  to  the  protocol  will  be  initiated  unless  also  approved  by  the  Human 
Subjects  Research  Review  Board. 

13.10  Ethical  and  Legal  Considerations 

This  study  will  undergo  full  approval  in  accordance  with  the  human  surveillance 
requirements  of  each  institution.  Blood  samples  will  be  obtained  for  the  evaluations  as 
described  in  the  protocol.  Tissue  samples  obtained  at  the  time  of  prior  surgeries  will  be 
reviewed  before  participant  enrollment  to  confirm  the  participant’s  diagnosis.  Measures 
will  be  taken  to  ensure  confidentiality  of  participant  information.  Tissue  samples  will  be 
collected  prospectively  during  the  trial.  Data  collected  on  paper  forms  will  be  stored  in 
locked  file  cabinets  with  restricted  access.  Data  collected  on  electronic  media  will  be 
stored  in  computer  files  with  restricted  password  access  limited  to  the  principal 
investigator  and  study  coordinators.  All  staff  members  in  the  study  will  be  informed  prior 
to  employment  and  at  regular  intervals  of  the  necessity  for  keeping  all  data  confidential. 
Computers  will  not  be  accessible  to  the  public  and  will  be  located  in  locked  offices. 
Subjects  will  be  assigned  a  separate  study  number  to  protect  subject  identification.  No 
patient  identifiers  will  be  used  in  any  publications  of  this  research.  Data  will  be 
maintained  indefinitely.  When  the  time  comes  to  dispose  of  the  data,  all  database  files 
will  be  deleted., 

13.11  Risks/Benefits 

Participants  will  benefit  from  the  educational  information  provided,  including  counseling 
on  alcohol  and  smoking  cessation,  from  the  regular  follow-up  procedures  required,  and 
from  the  blood  analyses  (i.e.,  electrolytes,  liver  function  tests,  complete  blood  count, 
and  platelet  count).  Participants  will  also  benefit  from  the  close  comprehensive  follow¬ 
up  after  their  surgery  including  additional  imaging  tests.  Participants  may  benefit  from 
development  of  a  risk  model  and  adjuvant  therapy  with  biologic  compounds. 

Participants  will  undergo  several  invasive  procedures  (bronchoscopies)  which  do  have 
associated  risks.  These  risks  will  be  explained  completely  prior  to  consenting  of  the 
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participant.  The  following  table  summarizes  risks  associated  with  this  study  and  the 
steps  that  will  be  taken  to  minimize  these  risks: 


Procedure 

Risks 

How  risks  will  be  reduced 

Bronchoscopy  with 

>  Coughing 

>  Presedation  assessment  to 

bronchoalveolar  lavage. 

>  Bleeding 

identify  particular  risk  factors 

bronchial  washings. 

>  Collapsed  lung 

>  Use  of  conscious  sedation  and 

bronchial  brush ings,  and 

V  Minor  sore  throat 

topical  anesthesia  to  minimize 

bronchial  biopsies 

>  Mild  fever 

discomfort  and  cough. 

>  May  cause  breathing  problems 

>  Establish  adequate 

similar  to  asthma 

preprocedure  bleeding 

>  Bronchitis 

parameters 

>  Pneumonia 

>  Monitoring  of  level  of 

>  Sedatives  given  during  procedure 

consciousness,  cardiovascular 

can  decrease  breathing  function 

and  gas  exchange  parameters 

and/or  level  of  oxygen  in  blood. 

during  procedure  and 

V  May  have  allergic  reaction  to 

recovery. 

sedatives  or  anesthetics 

Buccal  sample 

>  Pain 

>  Brushings  on  inner  cheek 

>  Discomfort 

performed  lightly  while 

>  Irritation 

patient  is  under  conscious 

>  Bleeding 

sedation 

Laryngoscopy 

>  Discomfort 

>  Topical  anesthesia  will  be 

>  Gagging 

used  to  reduce  discomfort  and 

>  Reaction  to  topical  anesthesia 

gagging 

>  Nasal  irritation 

>  Exams  will  be  performed  by 

>  Nasal  bleeding 

experienced  personnel 

As  described  in  section  2.6,  results  from  the  celecoxib  adenoma  prevention  study  show 
a  statistically  significant  increased  cardiovascular  risk  over  placebo  in  patients  receiving 
long-term  treatment  with  celecoxib.  Since  the  treatment  on  this  study  is  limited  to  12 
months  and  since  patients  will  be  screened  for  pre-existing  cardiac  risk  and  monitored 
for  any  new  cardiac  symptoms,  we  do  not  anticipate  that  treatment  with  celecoxib  will 
produce  any  serious  or  long-term  health  effects,  although  some  toxicity  (such  as 
gastrointestinal  toxicity}  may  be  experienced.  The  cardiac  risks  and  possible 
gastrointestinal  toxicity  will  be  clearly  described  in  the  informed  consent  form. 

Subjects  who  are  on  low-dose  aspirin  regimens  or  Plavix®  (ciopidogrel  bisulfate) 
therapy  may  be  at  increased  risk  of  bleeding  by  taking  celecoxib.  However,  as 
described  in  section  6.1,  individuals  who  are  on  a  low-dose  aspirin  regimen  or  Plavix 
therapy  will  be  instructed  to  continue  taking  aspirin  or  Plavix.  The  increased  risk  of 
bleeding  will  be  described  in  the  informed  consent. 

Smokers  are  at  increased  risk  of  cardiovascular  events.  This  will  be  described  in  the 
informed  consent. 

Subjects  will  benefit  from  the  educational  information  provided,  including  counseling  on 
alcohol  and  smoking  cessation,  from  the  regular  follow-up  procedures  required,  and 
from  the  blood  analyses  (i.e.,  complete  blood  count,  platelet  count).  If  celecoxib  is 
found  to  modulate  biomarkers  of  lung  cancer  risk,  this  information  will  be  shared  with 
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patients  as  soon  as  possible.  In  addition,  the  benefits  to  society  will  be  substantial  and 
may  directly  translate  into  a  reduction  of  cancer  morbidity  and  mortality.  If  celecoxib  is 
not  found  to  be  effective,  the  trial  will  still  be  of  value  in  providing  prospective 
information  on  risk  in  this  population  and  in  allowing  future  research  to  focus  on  other 
potentially  beneficial  intervention  initiatives. 


Participants  will  not  be  financially  responsible  for  any  study-related  tests  outside  of 
accepted  standard  of  care  follow-up, 

13.12  Gender  and  Minority  Inclusion 

Women  and  minorities  will  be  actively  recruited  to  participate  in  the  Vanguard  trial. 
However,  since  only  42%  of  lung  cancer  participants  and  22%  of  laryngeal  cancer 
participants  are  female,  we  expect  to  have  more  male  than  female  subjects  on  the 
study.  We  expect  that  the  ethnic  distribution  of  the  enrolled  participants  will  reflect  the 
local  ethnic  mixture  of  each  institution's  surrounding  community. 

13.13  Subject  Records 

HSRRB  and/or  USAMRMC,  Human  Research  Protection  Office,  M.D.  Anderson  or  their 
representatives  may  have  access  to  subject  records  as  a  part  of  their  responsibility  to 
protect  human  subjects  in  research. 

13.14  Publication  Statement 

Data  will  be  reviewed  by  the  collaborating  biostatistician  prior  to  publication.  HSRRB 
and/or  USAMRMC,  Human  Research  Protection  Office  will  have  30  days  to  review  all 
definitive  publications,  such  as  manuscripts  and  book  chapters,  and  a  minimum  of  10- 
15  days  to  review  all  abstracts. 
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Appendix  -  A, 

Appendix  Subtitle: 


Guidelines  for  Filing  Reports  of  Adverse  Experiences  at 
M.  D.  Anderson  Cancer  Center 


21  CFR  312.32 

Serious  Adverse  Experience  (5AE)  -Any  adverse  drug  experience  occurring  at  any  dose  that 
results  in  any  of  the  following  outcomes: 

*  Death 

*  A  life-threatening  adverse  drug  experience  -  any  adverse  experience  that  places  the 
patient,  in  the  view  of  the  initial  reporter,  at  immediate  risk  of  death  from  the  adverse 
experience  as  it  occurred.  It  does  not  include  an  adverse  experience  that,  had  it  occurred 
in  a  more  severe  form,  might  have  caused  death, 

*  Inpatient  hospitalization  or  prolongation  of  existing  hospitalization 

*  A  persistent  or  significant  dlsability/incapaclty  -  a  substantial  disruption  of  a  person's 
ability  to  conduct  normal  life  functions. 

*  A  congenita]  anomaly/birth  defect. 

Important  medical  events  that  may  not  result  in  death,  be  life-threatening,  or  require  hospitalization 
may  be  considered  a  serious  adverse  drug  experience  when,  based  upon  appropriate  medical 
judgment,  they  may  jeopardize  the  patient  or  subject  and  may  require  medical  or  surgical  intervention 
to  prevent  one  of  the  outcomes  listed  in  this  definition.  Exam  pies  of  such  medical  events  include 
allergic  bronchospasm  requiring  intensive  treatment  in  an  emergency  room  or  at  home,  blood 
dyscrasias  or  convulsions  that  do  not  result  in  inpatient  hospitalization,  or  the  development  of  drug 
dependency  or  drug  abuse. 

Unexpected  Adverse  Drug  Experience  -  Any  adverse  drug  experience,  the  specificity  or  severity  of 
which  is  not  consistent  with  the  current  investigator  brochure;  ort  if  an  investigator  brochure  is  not 
required  or  available,  the  specificity  or  severity  of  which  is  not  consistent  with  the  risk  information 
described  in  the  general  investigational  plan  or  elsewhere  in  the  current  application,  as  amended. 
Unexpected,  as  used  In  this  definition,  refers  to  an  adverse  drug  experience  that  has  not  been 
previously  observed  (e*g^  included  in  the  investigator  brochure)  rather  than  from  the  perspective  of 
such  experience  not  being  anticipated  from  the  pharmacological  properties  of  the  pharmaceutical 
product. 
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MDA  Policy  and  Procedure  for  reporting  of  adverse  experiences  (Includes  both 
commercial  and  investigational  drugs): 

•  All  clinical  protocols  should  Include  a  list  of  the  expected  and  anticipated  events  or 
hospitalizations  relating  to  the  study  regimen.  If  an  expected  or  anticipated  event  is 
documented  in  the  protocol,  then  it  does  not  have  to  be  reported  as  an  SAE  (Example: 
Expected  Grade  4  mylosuppression  needs  only  to  be  reported  as  part  of  the  study  results) 

•  All  events  falling  under  the  definition  of  serious  adverse  event  that  are  not  listed  in  the 
protocol  as  being  expected  or  anticipated,  and  occurring  within  3P  days  following  the  last 
treatment  date,  must  be  reported  to  the  sponsor  within  the  specified  lime  frame  stated  in 
the  protocol. 

•  All  deaths  with  possible,  probable  or  definite  attribution  to  the  study  drug,  device,  or 
intervention  must  have  a  written  report  submitted  to  the  Institutional  Review  Board  (IR8) 
via  OPR  within  one  working  day  (24  hours)  of  knowledge  of  the  event. 

•  All  serious  adverse  events  other  than  that  stated  above  must  have  a  written  report 
submitted  to  the  Institutional  Review  Board  (IRB)  via  OPR  within  5  working  days  of 
knowledge  of  the  event. 

•  If  necessary,  the  sponsor  is  then  required  to  noiify  the  Food  and  Drug  Administration 
(FDA)  within  7  calendar  days. 

•  All  unexpected  adverse  experiences  that  are  classified  as  Grade  4  must  be  reported  by 
following  the  guidelines  listed  above. 

•  Known  reactions  classified  as  Grades  1-3  do  not  need  to  be  reported.  However,  these 
toxicities  should  be  submitted  as  part  of  the  study  results. 


Adverse  Experience  Reporting  Forms: 

Attached  is  the  MDACC  severe  adverse  event  reporting  form.  This  form  should  be  utilized  if 
MDACC  is  the  sponsor,  the  study  is  a  non-sponsored  study,  or  the  sponsor  does  not  provide 
an  appropriate  reporting  form. 

if  the  study  sponsor  requires  a  protocol  specific  SAE  form  to  be  completed,  then  that  form 
may  be  use  for  IRB  submission  as  long  as  the  MDACC  protocol  number  and  patient  medical 
record  number  is  written  at  the  top  of  the  front  page. 

External  Adverse  Experiences  /  Safety  Reports 

All  external  adverse  events/safety  reports  received  from  the  sponsor  should  be  submitted  to 
the  IRB  through  the  Office  of  Protocol  Research.  The  "External  Adverse  Event  Report"  can 
be  located  under  section  1  of  the  OPR  Forms  Manual,  and  should  be  utilized  as  the  cover 
sheet  for  this  submission. 


IRB  Approval  Date:  7/3/2002 
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Appendix  -B. 

Appendix  Subtitle:  Carcinoma  In  Situ  Management 

There  is  no  standard  approach  to  the  management  of  CIS  at  present.  Approaches 
have  ranged  from  surgical  resection  to  close  followup.  CIS  may  be  found  at  the  edge  of 
an  invasive  carcinoma  or  may  occur  as  a  small  isolated  focus  of  a  few  epithelial  cells 
that  would  be  completely  removed  by  a  biopsy.  The  major  safety  issue  related  to  CIS  is 
that  an  invasive  carcinoma  may  exist  in  an  adjacent  area  that  the  biopsy  did  not 
sample.  CIS  is  a  rare  lesion  and  it  is  not  likely  that  enough  CIS  lesions  will  be  found  in 
the  study  for  statistical  analysis  of  response  to  the  chemopreventive  agents. 

As  there  are  a  wide  range  of  approaches  to  the  treatment  of  CIS  and  as  this  is 
dependent  on  the  bronchoscopic  appearance  of  the  lesion,  we  believe  that  the  final 
decision  regarding  therapy,  if  any,  should  be  left  to  the  bronchoscopist  and  primary 
physician. 

If  a  CIS  lesion  is  found  on  a  bronchoscopy  at  baseline,  we  would  recommend; 

1)  Follow-up  bronchoscopy  within  one  month  with  repeat  inspection  of  the  area  of 
the  CIS  and  multiple  biopsies  to  insure  that  an  invasive  carcinoma  was  not 
missed. 

2)  A  CT  scan  with  attention  to  the  area  of  the  CIS  lesion. 

If  there  is  question  of  invasive  carcinoma  on  either  follow  up  bronchoscopy  or  CT, 
then  the  participant  should  be  managed  directly  according  to  the  preferences  of  the 
participant  and  primary  physician. 

If  no  CIS  lesion  is  found  on  the  repeat  bronchoscopy,  then  the  participant  is  to  be 
continued  on  study. 

If  a  persistent  CIS  lesion  is  found  on  repeat  bronchoscopy,  then  the  management 
should  be  directed  as  follows: 

1)  Repeat  bronchoscopy  in  1  month. 

If  CIS  present,  definitive  treatment  of  lesion.  Patient  continues  to  remain  on  study. 
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Appendix  -c. 

Appendix  Subtitle:  Celecoxib  Background  Information 


CELECOXIB 


OVERVIEW 

<  A.  Celecoxib  is  a  nonsteroidal  anfi-lnfliunmtilory  (bug,  wiiich  selectively  inhibits  tlie 
enswme,  cyclo-oxyge  n  as  e-2  (COX-2), 

•  B.  DOSING  INFORMATION:  The  recommended  dose  for  osteoarthritis  is  200  mg  dally 
which  may  bo  given  as  a  single  dose  or  divided  and  given  as  100  mg  twice  daily,  The 
recommended  dose  for  rheumatoid  nrthrilis  is  1 00  mg  or  200  mg  twice  daily.  1  ne 
recommended  dose  for  familial  adenomatous  polyposis  is  400  mg  twice  daily.  The 
recommended  dose  for  acute  pain  and  primary  dysmenorrhea  is  400  mg  initially  with  an 
additional  dose  of 200  mg  as  needed  on  day  1,  then  200  rag  twice  daily  as  needed  on 

»  C,  PHARMAt^OKiNETICS:  Celecoxib  is  07%  bound  to  plasma  protein.  Celecoxib  is 
extensively  metabolized  in  tins  tiver  via  cytochrome  P4502C9  to  3  inactive  metabolites' 
elimination  is  via  the  kidney  <27%)  and  feces  f57%).  Less  than  3%  is  eliminated  as 
unchanged  drug,  The  half-life  ia  l  I  hours. 

o  D.  CAUTIONS:  Common  adverse  effects  include  dyspepsia,  diarrhea,  and  abdominal  pain. 
Although  the  risk  for  ulcers  and  other  serious  gastrointestinal  adverse  effects  is  lower  than 
fbr  other  NSAIDs,  product  labeling  still  includes  warnings  about  tlie  risk  of  ulceration 
bleeding  and  perforation, 

4  E.  CLINICAL  APPLICATIONS:  Celecoxib  is  indicated  for  the  treatment  of  osteoarthritis, 
rheumatoid  artiiritls,  acute pain  Including  primary  dysmenorrhea,  and  is  also  indicated  for 
reducing  the  number  of  cofon  and  rectal  polyps  in  familial  adenomatous  polyposis  (FAP). 
This  treatment  has  NOT  been  shown  to  reduce  the  risk  of  gastrointestinal  cancer  or  the  need 

_  for  FAP-associateil  surgeries  and  routine  endoscopic  surveitiauce. 
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Appendix  -d. 

Appendix  Subtitle: 


CCSG  Checklist 

{Cancer  Center  Support  Grant  -  NCI  Core  Grant) 
Precllnical  Drug  Development 

Was  preclinical  work  to  develop  the  therapy  or  methodology  being  tested  in  this 
protocol  performed  at  UTMDACC  or  by  UTMDACC  faculty? 

O  Yes  •  No 

Protocol  Design  and  Biostatistics 


Did  you  participate  in  the  design  of  this  study? 

•  Yes  -  Completely 
0  Yes  --  Partially 

O  No  -  Sponsor  Designed 

Did  an  MDACC  Biostatistician  participate  in  the  design  of  this  study? 

•  Yes  -  Completely 
O  Yes  -  Partially 

0  No  -  Sponsor  provided  biostatistical  design 

Financial  Support  and  Use  of  the  CTRC 

How  is  the  proposed  trial  to  be  financially  supported? 

O  Drug  Only  from  Industry 
O  Drug  and  Funding  from  Industry 

•  Grant 

O  Unfunded 
O  Donor  Funds 

Wilt  the  Clinical  and  Translational  Research  Center  be  used  in  this  study? 

O  Yes  •  No 

Laboratory  Data 

Will  a  UTMDACC  investigator  perform  pharmacologic,  molecular  or  other  laboratory 
studies  on  patient  specimens? 

•  Yes 
O  No 


What  is  the  type  of  study? 
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O  Pharmacology  and/or  pharmacokinetics 
O  Molecular  and/or  pharmacodynamics 
•  Other 

Please  Describe: 

Genetic,  biomarker  studies 
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Appendix  -E. 

Appendix  Subtitle: 


ZUBRQD'S  PERFORMANCE  STATUS  SCALE 


Grade 

Scale 

0 

Full y  active,  able  to  carry  on  all  pre-disease  performance  without  restriction. 

1 

Ambulatory,  capable  of  light  or  sedentary  work.  Restricted  in  physically 
strenuous  activity. 

2 

Ambulatory,  capable  of  at!  self-care,  but  not  of  work  activities;  up  and  about 
more  than  50%  of  waking  hours. 

3 

Capable  of  only  limited  self-care;  confined  to  bed  or  chair  more  than  50%  of 
waking  hours. 

4 

Completely  disabled.  Cannot  carry  on  any  self-care.  Totally  confined  to  bed 
or  chair. 
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Appendix  -F. 

Appendix  Subtide: 


Common  Terminology  Criteria  for 
Adverse  Events  v3.0  (CTCAE) 

Publish  Date:  June  10,  2003 
Click  On  Link  >  g| «  To  access  Document 
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Appendix  Subtitle: 

Prioritization  List 

2-6-04  submission  Thoracic, d*  2-6-04  submission  Head  &  Neck  List. 
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Appendix  -H. 

Appendix  Subtitle:  Histology  Grading  System 


SCORE 

HISTOLOGY 

1 

Normal 

2 

Reserve  ceil  hyperplasia 

3 

Metaplasia 

4 

Mild  dysplasia 

5 

Moderate  dysplasia 

6 

Severe  Dysplasia 

7 

Carcinoma  in  situ 

8 

Invasive  cancer 

Scoring  System  for  Response 

1 )  The  average  score  of  all  biopsies  (decrease  by  1 ) 

2)  The  percentage  of  biopsies  with  moderate  dysplasia  or  worse  (10% 
decrease) 

3)  The  worst  score  (decrease  by  1) 

Response:  Improvement  In  2  of  3  criteria 

No  change:  No  change  in  2  of  3  criteria 

Improvement  in  2  of  3  criteria  with  1  worse 
Worsening  in  2  of  3  criteria 


Progression: 
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Appendix  -l 

Appendix  Subtitle:  Study  Activities 


Study  Aciivitiw  for  Patiuifi  Astfgued  to  Cdecodb  Treatm cut  Aim 
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vrithm  4  wnki  of  bi£uumif  panicipirioiv  Lo  diis  Italy, 

70pNonil 
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Study  Activities  for  Patients  Assigned  to  No  Treatment  Arm 
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Appendix  Subtitle:  JNC-7  Report  on  Detection,  Evaluation,  and  Treatment  of  High  Blood  Pressure 
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Appendix  -K. 

Appendix  Subtitle:  ATP  ill  Guidelines  for  Treating  Hypercholesteremia 


ATP  IN  guldelines.pd 


ATP  III  Guidelines  At-A-Glance 
Quick  Desk  Reference 


Determine  lipoprotein  levels-obtain  complete  lipoprotein  profile  after 
9-  to  12-hour  fast. 

ATP  Jtl  Classification  of  LDL,  Total,  and  HDL  Cholesterol  {mg/dL} 

LDl  Cholesterol  -  Primary  Target  of  Therapy 


<100 

1C0O29  . 

Optimal 

-  ^  opturiatfahovB  optimal  - - 

130-159 

Borderline  high 

:  -I-60-129 

5  .  _  " "  ■■  j .  High  ■■  ■’  r .* . ,  ’-v  .. 

>190 

VSery  high 

Total  Cholesterol 

<200 

Desirable 

1;  200-?#: 

%  t  -iSprcterllne  ' i  ^  tojjjfr,- 

>240 

High 

HDL  Cholesterol 

<40 

LOW 

>60.. 

O  ■  ■  Hi9»1  ""  '■  ■■ 

Identify  presence  of  clinical  atherosclerotic  disease  that  confers  high  risk 
for  coronary  heart  disease  (CHD)  events  (CHD  risk  equivalent); 


3  ' 


■  Clinical  CHD 

■  Symptomatic  carotid  artery  disease 
*  Peripheral  arterial  disease 

Abdominal  aortic  aneurysm. 


Determine  presence  of  major  risk  factors  (other  than  LDL): 

Major  Risk  Factors  (Exclusive  of  UDL  Cholesterol)  That  Modify  LDL  Goats 
Cigarette  smokii’ig 

Hyperten$ion;(kP  40r90jffwnhg  or  op  sntihypertensiyc  medication)  j;  V 
Low  HDL  cholesterol  (<40  mg/dl)* 

Family  history  of  premature  CHD  (CHpirt  male  fkstftpSSec  relative  <65  years; 
CHD  in  rema|e  first  degree  relative  <6fi.',y§ars) 

Age  (men  >45  years;  women  >55  years) 

*  HDL  cholesterol & 60  mg/ril  counts  as  a  "mgatm"  risk  factor;  its  presence  removes  one 
risk  factor  from  trie  total  count 


Note:  in  ATP  III,  diabetes  is  regarded  as  a  CHD  risk  equivalent. 


i 

l 


If  2-1-  risk  factors  (other  tlian  LDL)  are  present  without  CHD  or  CHD  risk  equivalent,  assess 
10-year  (short-term)  CHD  risk  (see  Framingham  tables). 

Three  levels  of  Kkycar  risk: 

■  >20%  —  CHD  risk  equivalent 
-  10-20% 
i  <10% 


Determine  risk  category: 

i  Establish  LDL  goal  of  therapy 

m  Determine  need  for  therapeutic  lifestyle  changes  (TLC) 
■  Determine  level  for  drug  consideration 


LDL  Cholesterol  Goals  and  Outpoints  for  Therapeutic  Lifestyle  Changes  (TLC)  and  Drug  Therapy  in  Different 
Risk  Categories. 


Risk  Category 

LDL  Goal 

LDL  Level  at  Which 

to  Initiate  Therapeutic  LDL  Level  at  Which  to 

Lifestyle  Changes  (TLC)  Consider  Drug  Therapy 

CHD  or  CHD  RisK  Equivalents 
(10 -year  risk  >20%) 

<100  mg/dl 

00  mg/dl  zi  30  mg/dl 

(1 00-129  mg/dL:  drug  optional)* 

•%.r  n:  _ 

2+  Rfek-f^adrs  ::  <l'30,mg/ilL 

(10-year  risk  *20%)  "*  **,;..  >  , 

%•  '%  #  #year  rlslv#20%:  i£:" 

.  ,.-„~i:3P^cL'  r  „  Us 

V,,  ^  10-ycar  risk  <10%; 

0-1  Risk  Factor* 1 

<160  mg/dl 

>160  mg/dl  >190  mg/dl 

(160-189  mg/dL:  LDL- lowering 
drug  optional) 

*  Some  authorities  recommend  use  of  LDL'tow&ing  drugs  in  this  category  if  an  LDL  cholesterol  <  7 00  mgfdL  cannot  he  achieved  by 
therapeutic  Mcstyfe  changes.  Others  prefer  u&  of  drugs  that  primarily  modify  triglycerides  and  HDL,  eg.,  nkotinic  add  or  mate. 
CHnfcat  judgment  also  may  can  for  deferring  drug  d&rapy  in  this  suheategory 
f  Almost  oil  people  wfh  0-  J  risk  factor  have  *  70  year  risk  *  7 0%  thus  1 0-year  risk  assessment  In  people  with  0-T  risk  factor  is 
not  necessity 


Initiate  therapeutic  lifestyle  changes  (TLC)  if  LDL  is  above  goal. 

TLC  Features 

ft  TIC  Diet; 

■  Saturated  fat  <7%  of  calories,  cholesterol  <200  mg/dey 
-  Consider  increased  viscous  (soluble)  fiber  {10-25  g/day)  and  plant  stanols/sterols 
(2g/day)  as  therapeutic  options  io  enhance  LDL  lowering 

i  Weight  management 
a  Increased  physical  activity 


■■ 

I'N,  - 

*+  *  ”  1  ■■ 

.w 


;  -K 


■- 


Consider  adding  drug  therapy  if  LDL  exceeds  levels  shown  in  xStep  5  table: 


Consider  drug  simultaneously  with  TLC  for  CHD  and  CHD  equivalents 
Consider  adding  drug  to  TLC  after  3  months  for  other  risk  categories. 


Drugs  Affecting  Lipoprotein  Metabolism 


Fluvssiatm  (2080  mg) 
Aiorvastailn  (1080  mg) 
Cerrvastatin  {0,40,8  mg) 


Drug  Class 

Agents  and 

Dally  Doses 

Lipid/Li  poproieln 
Effe&ts 

Side  Effects 

Contraindications 

HMG  CoA  reductase 

Lowaaatin  (20  80  mg) 

LDL 

118  65% 

Myopauiy 

Absolite: 

inhibitors  (statins) 

Pravastatin  (20-40  mg) 

HDI 

T5-15* 

Increased  liver 

-  Active  or  chronic 

Simvastelln  (2080  mg) 

TG 

A  7-30* 

enzymes 

liver  disease 

Relative: 

Concomitant  use  of 
cauam  drugs* 


Bile  acid  sequesiiants 

1  '  V  Vi 


Cholestyramine  (4 


Cotetfepi  {5-20  g) 


101 

HIX 


jfeo* 

5* 


tm. 


>;•-  disiress 


Cotosa&n,  (2.6-3.8^  TG  t^Cange  %%?*(>»**'  Mg 

VT<3  >200 VgA* 

'•  ■'Ss.V't -  '*■&.  >w  .  •  PT^tS.  ‘  ’“■t'iifc.  ^Vrr*,  *' 


Absolute: 

■ 

lipopfoiemeniia  • 
>AQ0  w$/0l  "v^Af 


■V-4 


Nicotinic  add  immodlate  teleoss  LDL 

(crystalline)  nicotinic  acid  HDt 
(1 ,53  gm),  extended  FG 
release  nlcoiinfc  acid 
(Niaspan*)  (1-2  g), 
sustained  release 
nkxxinic  add  (1  -2  g) 


15-25* 

T1535* 

120-50% 


Flushing 
i  lypefgiycemis 
Hypcturicomifl 
(or  g ola) 

Upper  Cl  distress 
Hepaioiox  icily 


Absolute: 

*  Chronic  liver  disease 
■  Severe  gout 
Relative: 

*  Diabetes 

*  Hyperuricemia 

*  Peptic  ulcer  disease 


Picric  acids 


’'Ly, 


ft 


ik. 


aaa-  -i,.  ism,  ' 

"  u-  • (mjsy  fa'lnerGoseo  in 


-  •  A  1 

(600  mg  BIQ) 
lenoiiO(£Ke  (2O0  mgJ 


“*  Clofioreio  e 
-•finno  mg  r 


,  J  Gailstones  ^:^  ,  '^TSey^e  fenai  disa^sp 
high- ’tG)_ ....  Myopathy  ?.  .,  ^  Severe  nepailc 

f  10-20*  %  dlsaqsc 


*  Cyclosporine*  mscrMe  amihkxlcz  various  anii- fungal  agents,  and  cytvtfjtotna  P-450  Ini  mints  (ftbrates  and  niacin  should  be  used  with 
appropriate  caution). 


Identify  metabolic  syndrome  and  treat,  if  present,  after  3  months  of  TLC 


Clinical  Identification  of  the  Metabolic  Syndrome  -  Any  3  of  the  Following: 


Risk  Factor 


Defining  level 


Abdominal  obesity* 
Men 
Women 

Triglycerides 

HDL  cholesterol 
Men 
Women 

Blood  pressure 

Fasting  glucose 


Waist  circumference1 
>102  cm  {>40  in) 
>88  cm  (>35  In) 

■'alSOmg/dL^,,., 


<40  mg/dL 
<50  mg/dL 

,  >130/^85  pimHg  i  +r 
^110  mg/dL 


tHs 


4  Overweight  and  obesity  are  associated  with  insulin  r&istance  end  the  metabolic  syndrome. 
Howewr,  the  presence  of  abdominal  obesity  is  more  nighfy  correlated  wkb  the  metabolic  risk 
factors  than  is  an  elevated  body  mass  index  (BMlj.  Therefore  the  simple  measure  of  waist  cir* 
cumferenee  is  recommended  to  identify  the  body  w&ght  component  of  the  metabolic  syndrome, 
t  Some  mate  petleots  cm  develop  multiple  metabolic  risk  factors  when  the  waist  drormfemneo  is 
only  marginally  increased,  e,g„  94*102  cm  07-39  ini.  Such  patients  may  nave  a  strong  genetic 
contribution  to  insulin  resistance  they  strould  beneh t  from  changes  in  m  habits,  simtlarty  to 
men  with  categorical  increases  in  waist  circumference 


Treatment  of  the  metabolic  syndrome  _ _ _ _ _ 

■  Treat  underlying  causes  (overweight/obesity  and  physical  Inactivity): 

-  Intensify  weight  management 

-  Increase  physical  activity 

■  Treat  lipid  and  non-Upid  risk  factors  If  they  persist  despite  these  lifestyle  therapies: 

-  Treat  hypertension 

-  Use  aspirin  for  CHD  patients  to  reduce  prothrombotic  state 

-  Treat  elevated  triglycerides  and/or  low  HDL  (as  shown  in  Step  9), 


a 


Treat  elevated  triglycerides. 


ATP  III  Classification  of  Serum  Triglycerides  (mg/dL) 

<150  Normal 

^0-189  -Vv  Ifedarilrt*  high"  iff .  ' 

200-493  High 

2500  Very  High  "  *S 


Treatment  of  elevated  triglycerides  fclSO  mg/dL) 

m  Primary  aim  of  therapy  is  to  reach  LDL  goal 
m  Intensify  weight  management 

■  Increase  physical  activity 

■  If  triglycerides  are  >200  mg/dL  after  LDL  goal  is  reached,  set 
secondly  goal  for  non-HDL  cholesterol  (total  HDL) 

30  mg/dL  higher  than  LDL  goal. 

Comparison  of  LDL  Cholesterol  and  Non-HDL  Cholesterol  Goals  for  Three  Risk  Categories 


Risk  Category 

LDL  Goal  (mg/dL) 

Non-HDL  Goat  (mg/dL) 

CHD  an 6  CHD  Risk  Equivalent 
(10-ycar  risk  for  Cl  ID  >20%) 

<100 

030 

Multiple?!?*).  Risk  factors  an<L 

...  <160  mi 

10 -year  ride  <10% 

0*1  Risk  Factor 

<160 

<190 

when  triglycerides  <500  mg/dL,  turn  to  LDL-lo  weeing  therapy,  £..*  lX: 


Treatment  of  tow  HDL  cholesterol  {<40  mg/dL) 
m  First  reach  LDL  goal,  then: 

■  Intensify  weight  management  and  increase  physical  activity 
m  IF  triglycerides  200-499  mg/dL,  achieve  non-HDL  goal 
v  3f  triglycerides  <200  mg/dL  (isolated  low  HDL)  in  CHD  or  CHD  equivalent 
consider  nicotinic  acid  or  fibrate. 
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Erlotinib  as  Adjuvant  Biologic  Therapy  in  Patients  with  Early  Stage  Head  and  Neck  and 

Lung  Cancer 
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Significance  and  Background . 

Lung  cancer  as  a  Significant  Public  Health  Problem . 

Smoking  Cessation  and  Lung  Cancer  Prevention 

Adjuvant  Therapy  for  Lung  Cancer . 

Epidermal  Growth  Factor  Receptor  (EGFR)  and  Cancer  Prevention 

Rationale  for  Therapy  with  Erlotinib . 

Study  Drug  Information . . 

Study  Design  and  Overview . 
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Investigational  Centers . . . . 
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1.0  Objectives 

Current  and  former  smokers  have  been  the  focus  of  recently  completed,  large-scale  lung  cancer 
chemoprevention  trials.  The  outcomes  of  these  trials  have  been  uniformly  disappointing. 
Patients  with  previous  tumors  of  the  aerodigestive  tract  are  at  particular  risk  for  second 
primaries  of  this  area,  including  non-small  cell  lung  cancer  {NSCLC).  Preclinical  data  suggest 
that  erlotinib  (tarceva)  may  have  a  chemopreventive  effect  in  patients  with  NSCLC.  To  test  this 
hypothesis  we  will  perform  a  randomized  biomarker-based  clinical  trial  in  patients  with 
definitively  treated  NSCLC  and  head  and  neck  squamous  cell  carcinoma  (HNSCC),  examining 
the  effect  of  erlotinib  treatment  on  biomarkers  of  lung  cancer  risk. 

Primary  Objective 

-  To  examine  the  effect  of  erlotinib  treatment  on  histological  response  (defined  in  Appendix 
D),  markers  of  proliferation  (Ki-67),  and  apoptosis  in  patients  with  previously  treated  HNSCC 
or  NSCLC  with  no  evidence  of  disease. 

Secondary  Objectives; 

-  To  determine  time  to  second  primary  or  recurrence  and  survival. 

-  To  examine  the  toxicity  associated  with  erlotinib  administration  in  patients  with 
previouslytreated  HNSCC  or  NSCLC. 

2.0  Significance  and  Background 

2.1  Lung  cancer  as  a  Significant  Public  Health  Problem 

Lung  cancer  is  the  leading  cause  of  death  from  cancer  among  men  and  women  in  the  United 
States,  accounting  for  approximately  28%  of  deaths  from  cancer.  An  estimated  159,900 
Americans  died  of  lung  cancer  in  2003.  In  recent  years,  the  incidence  of  lung  cancer  has  begun 
to  decline  among  men  (Cancer  Facts  and  Figures,  1997).  However,  smoking-related  lung 
cancer  has  continued  to  increase  among  women,  surpassing  even  breast  cancer  as  the  leading 
cause  of  death  from  cancer  among  women  (U.S.  Dept  of  Health  and  Human  Services,  1990). 
Despite  aggressive  treatment,  the  five-year  survival  rate  for  lung  cancer  remains  approximately 
15%.  These  grim  facts  point  out  the  need  for  a  radical  change  in  our  approach  to  lung  cancer. 

In  response  to  this  need,  the  National  Cancer  Institute’s  Division  of  Cancer  Prevention  and 
Control  has  set  prevention  as  the  primary  strategy  in  the  control  of  lung  cancer. 

2.2  Smoking  Cessation  and  Lung  Cancer  Prevention 

Prevention  of  smoking  and  smoking  cessation  have  deservedly  prominent  places  in  the  National 
Cancer  Institute’s  programs  to  reduce  deaths  from  cancer.  As  a  result  of  massive  campaigns  to 
educate  the  public  about  the  hazards  of  cigarette  smoking,  there  has  been  a  substantial 
reduction  in  the  percentage  of  adults  who  smoke  in  the  United  States.  Recent  estimates 
suggest  that  approximately  50%  of  adults  were  once  smokers  (about  44  million  people  in  the 
United  States)  (U.S.  Dept  of  Health  and  Human  Services,  1990,  Glyn  1993).  Despite  the 
reduction  in  lung  cancer  risk  observed  with  smoking  cessation,  several  studies  have 
demonstrated  that  former  smokers  still  have  a  higher  lung  cancer  risk  than  non-smokers 
(Halpern  1993,  Lubin  1993,  Sobue  1993).  Even  ten  years  after  smoking  cessation,  the  risk  was 
still  significantly  elevated  for  men  (Risch  1993).  As  a  consequence,  former  smokers  account  for 
a  large  proportion  of  lung  cancers  in  this  country.  From  the  current  smoking  trends,  it  appears 
that  former  smokers  will  account  for  a  growing  percentage  of  all  lung  cancer  cases.  Thus,  the 
risk  of  lung  cancer  in  former  smokers  poses  a  substantial  long-term  health  threat  in  this  country. 
Strikingly,  50%  of  new  lung  cancer  cases  are  among  former  smokers,  a  population  numbering 
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roughly  46  million  people  in  the  United  States  (Landis  1999).  Strategies  to  prevent  lung  cancer 
deaths  in  former  smokers  include  early  detection  and  chemoprevention. 

Methods  of  early  detection  are  now  greatly  important  in  lung  cancer  treatment.  Screening 
techniques  analyzing  sputum  cytology,  chest  x-rays  and  more  recently,  spiral  computed 
tomography  (CT)  scans  have  been  studied.  Recent  studies  have  specifically  tested  the  efficacy 
of  screening  individuals  at  high  risk  with  spiral  CT  scanning  (Fontana  1991,  Fontana  1984, 
Henschke  1999).  The  results,  while  provocative,  are  not  yet  definitive,  and  debate  continues  as 
to  whether  they  are  sufficient  to  mandate  broad  lung  cancer  screening  programs.  A  study 
reported  in  1999  used  low-dose  helical  CT  to  screen  1,000  asymptomatic  smokers  or  former 
smokers,  who  smoked  at  least  one  pack  of  cigarettes  a  day  for  10  years,  or  two  packs  per  day 
for  5  years.  All  were  age  60  or  older,  All  participants  received  chest  x-rays  and  CT.  CT 
detected  from  1-6  non-calcified  pulmonary  nodules  in  23%  patients  while  CXR  detected  7%.  27 
of  the  233  CT  lesions  were  diagnosed  as  tumor  whereas  7  of  the  68  CXR  lesions  were 
malignant.  23  of  the  27  CT  tumors  were  diagnosed  as  stage  I.  Although  this  study  shows 
potential  promise  in  the  use  of  CT  for  screening,  additional  trials  will  be  needed  before  routine 
CT  scanning  can  be  deemed  effective  (Henschke  1999). 

The  past  fifteen  years  have  revealed  the  potential  of  chemoprevention  in  the  reduction  of 
mortality  associated  with  common  epithelial  cancers.  Tamoxifen  was  effective  in  primary 
prevention  of  breast  cancers  in  women  at  high  risk.  Non-steroidal  anti-inflammatory  drugs 
(NSAIDs)  reduced  the  risk  of  colorectal  cancer  in  participants  with  familial  adenomatous 
polyposis  (Hong  1997).  Retinoids  have  in  some  studies  decreased  the  incidence  of  second 
primary  tumors  (SPTs)  in  participants  with  a  prior  squamous  cell  carcinoma  of  the  head  and 
neck  (HNSCC).  A  significant  SPT  reduction  in  stage  l-IV  HNSCC  was  seen  with  short-term, 
high-dose  13-cis  retinoic  acid  (Hong  1991).  However,  a  study  using  low-dose,  long-term  13-cis 
retinoic  acid  showed  no  benefit  in  overall  survival,  or  SPT-  or  recurrence-free  survival  (Khuri 
2003).  in  contrast,  the  results  of  lung  cancer  chemoprevention  trials  have  been  disappointing. 
Several  large-scale  chemoprevention  trials  have  been  performed,  including  the  Euroscan  Trial, 
the  Physicians  Health  Study,  the  Alpha-Tocopherol  and  Beta-Carotene  (ATBC)  trial,  and  the 
Beta-Carotene  and  Retinol  Efficacy  Trial  (CARET),  which  involved  thousands  of  active  smokers 
followed  for  over  ten  years.  These  studies  demonstrated  no  protective  effect  of  treatment  on 
lung  cancer  incidence  (Hennekens  1 996,  Omenn  1 996,  ATBC  1 994).  In  fact,  beta-carotene 
treatment  appeared  to  act  as  a  co-carcinogen,  enhancing  lung  cancer  incidence  in  active 
smokers.  The  failure  of  these  large-scale  clinical  trials  has  taught  us  an  important  lesson;  it  may 
be  premature  to  embark  on  large-scale  trials  that  involve  thousands  of  participants  and  cost 
millions  of  dollars  prior  to  demonstrating  the  efficacy  of  a  chemopreventive  agent  in  small, 
biomarker-based  clinical  trials.  Supporting  a  biomarker-based  approach  to  predicting  the 
efficacy  of  specific  lung  cancer  chemopreventive  agents,  we  found  no  effect  of  1 3-c/s  retinoic 
acid  on  bronchial  metaplasia  and  dysplasia  in  current  smokers  (Lee  1994),  which  is  similar  to 
the  outcome  of  the  retinoid-based  large-scale  chemoprevention  trials  described  above. 

Based  on  the  data  outlined  above,  smoking  cessation  and  primary  prevention  of  smoking 
remain  the  most  proven  measures  to  prevent  primary  lung  cancer.  Patients  who  have  had  prior 
definitively  treated  tobacco-related  cancers,  primarily  head  and  neck  and  lung  cancers,  are  at 
higher  risk  (20-40%)  for  recurrence  or  second-primary  tumors.  No  therapies  have  proven 
effective  to  prevent  lung  cancer  in  this  setting. 

2.3  Adjuvant  Therapy  for  Lung  Cancer 

Despite  surgical  treatment  of  early  stage  lung  cancer  (stage  I/ll),  only  40-70%  of  patients  are 
alive  at  5  years.  Additionally,  patients  who  have  had  prior  definitively  treated  tobacco-related 
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cancers,  primarily  head  and  neck  and  lung  cancers,  are  at  higher  risk  (20-40%)  for  recurrence 
or  second-primary  tumors  during  their  lifetime.  No  therapies  have  proven  effective  to  prevent 
lung  cancer  in  this  setting. 

Radiation  therapy  given  after  complete  surgical  resection  was  one  of  the  earliest  forms  of 
adjuvant  therapy  explored.  As  reported  in  the  PORT  meta-analysis,  2,128  patients  from  several 
trials  were  compared  (PORT  1998).  Results  showed  a  detrimental  effect  of  post-operative 
radiotherapy  on  survival  with  an  absolute  reduction  of  7%  at  2  years.  Subgroup  analysis 
suggested  that  this  occurred  in  the  N0-1  disease  subgroup  and  not  in  the  N2  group.  As  various 
surgical  and  radiotherapy  techniques  were  used,  randomized  trials  are  still  needed  to  further 
clarify  the  role  of  radiotherapy,  especially  in  those  patients  with  N2  disease. 

Chemotherapy  has  been  tested  as  adjuvant  therapy  in  resected  early  stage  primary  lung 
cancers  in  multiple  trials.  Earlier  trials  prior  to  1980  of  single-agent  chemotherapy  as  adjuvant 
therapy  with  alkylating  agents  failed  to  show  a  survival  benefit  and  in  fact,  showed  a  detrimental 
effect  on  survival.  A  recent  meta-analysis  of  all  randomized  trials  over  a  26  year  period  showed 
that  the  absolute  risk  of  death  was  reduced  by  3%  at  2  years  and  5%  at  5  years  for  patients  who 
had  been  treated  with  a  cisplatin-containing  regimen  as  opposed  to  surgical  resection  (Holmes 
1986,  Feld  1993,  Nilranen  1992,  Wada  1996,  Ohta  1993,  NSCLC  Collaborative  Group  1995, 
LeChevalier  2003), 

2.4  Epidermal  Growth  Factor  Receptor  (EGFR)  and  Cancer  Prevention 

The  epidermal  growth  factor  receptor  is  involved  in  the  regulation  of  cellular  differentiation  and 
proliferation  and  is  overexpressed  in  a  variety  of  malignancies  including  NSCLC  (Baselga  and 
Arteaga,  2005;  Herbst  and  Bunn,  2003).  In  some  but  not  all  studies  of  subjects  with  non-small 
cell  lung  cancer,  EGFR  detected  by  immu nohistochemistry  has  been  associated  with  a 
shortened  survival  (Brabender  et  al.,  2001;  Rusch  et  al.,  1997).  Many  inhibitors  of  EGFR  have 
been  developed,  including  erlotinib  (OS  1-774;  Tarceva™),  gefitinib  (ZD1839;  Iressa™),  and  are 
presently  being  tested  in  phase  II  and  III  clinical  trials  (Baselga  et  al.r  2001;  Kris  et  al.,  2003; 
Perez-Soler  et  al.,  2004;  Shepherd  et  al.,  2005;  Thatcher  et  al.,  2005)  These  agents  targeted 
against  EGFR  are  well  tolerated  and  have  demonstrated  single  agent  activity  in  phase  II  and  III 
clinical  trials  in  subjects  with  advanced  NSCLC  previously  treated  with  systemic  chemotherapy. 
In  general,  the  side  effects  of  EGFR  inhibitors  show  less  than  5%  grade  3  and  4  toxicity 
including  predominately  rash  and  diarrhea.  Unlike  in  many  chemotherapy  trials,  subjects  seldom 
discontinue  these  agents  for  toxicity  (Fukuoka  et  al.,  2003;  Kris  et  al.,  2003;  Perez-Soler  et  al., 
2004;  Shepherd  et  al.,  2005;  Thatcher  et  al.,  2005). 

2.5  Rationale  for  Therapy  with  Erlotinib 

The  epidermal  growth  factor  receptor  is  an  important  target  in  cancer  cell  biology.  Erlotinib  has 
proven  efficacy  in  patients  with  NSCLC  refractory  to  chemotherapy  with  a  good  safety  profile 
(Shepherd  2005).  Additionally,  erlotinib  is  being  studied  in  other  treatment  settings  including  as 
adjuvant  therapy  in  NSCLC.  Based  on  the  clinical  and  pre-clinical  data  outlined  above,  erlotinib 
seems  to  be  an  excellent  drug  to  test  in  the  chemopreventive  setting  in  high-risk  patients.  Thus, 
substantial  preclinical  and  clinical  data  support  the  hypothesis  that  strategies  to  target  EGFR  will 
be  effective  in  lung  cancer  chemoprevention.  These  findings  suggest  that  erlotinib  may  be 
useful  for  lung  cancer  chemoprevention,  adjuvant  therapy,  and  treatment. 

2.6  Study  Drug  Information 
2.6.1  Erlotinib  Background 
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Erlotinib  (Tarceva™;  OSI-774),  a  quinazoline,  is  an  orally  active,  potent,  selective  inhibitor  of  the 
EGFR  (HER-1)  tyrosine  kinase.  An  overview  of  selected  non-clinical  and  clinical  information  is 
presented  here;  complete  details  are  available  in  the  OSI-774  Investigator  Brochure. 

2.6. 1.1.  Nonclinical  Pharmacology 

Erlotinib  directly  and  reversibly  inhibits  the  human  EGFR  tyrosine  kinase  with  an  ICso  of  2  nM 
{0.79  ng/mL)  in  an  in  vitro  enzyme  assay  and  reduces  EGFR  autophosphoryiation  in  intact 
tumor  cells  with  an  ICS0  of  20  nM  {7.9  ng/mL).  This  potent  inhibition  is  selective  for  the  EGFR 
tyrosine  kinase  both  in  assays  assessing  the  effects  of  erlotinib  on  a  variety  of  other  isolated 
tyrosine  kinases  and  in  cellular  bioassays  designed  to  isolate  this  functional  pathway.  Erlotinib 
is  designed  to  inhibit  EGF-dependent  proliferation  of  cells  at  submicromolar  concentrations  and 
blocks  cell  cycle  progression  in  the  G1  phase.  Oral  administration  of  OSI-774  in  mice  results  in 
a  >70%  reduction  in  EGFR  (HER-1)  autophosphoryiation  in  human  xenografts.  Marked  growth 
inhibition  of  HNS  (head  and  neck  carcinoma)  and  A431  (squamous  cell  carcinoma)  xenografts  in 
nude  mice  has  been  demonstrated. 

Data  on  drug  exposure  and  anti-tumor  responses  in  human  tumor  xenograft  models  (HNS  and 
A431)  were  analyzed  in  order  to  estimate  the  plasma  concentration  of  erlotinib  associated  with 
anti-tumor  activity.  Based  on  these  efficacy  models,  the  minimum  steady-state  plasma 
concentration  targeted  for  clinical  activity  in  humans  is  projected  to  be  500  ng/mL. 

2.6.1 .2  Nonclinical  Toxicology 

Toxicology  studies  have  been  performed  in  mice,  rats  (up  to  6  months),  dogs  (up  to  1  year),  and 
monkeys  (1  week).  Treatment-related  effects  observed  in  at  least  one  species  or  study  included 
effects  on  the  cornea  (atrophy,  ulceration),  skin  (follicular  degeneration  and  inflammation, 
redness,  and  alopecia),  ovary  (atrophy),  liver  (necrosis),  kidney  (papillary  necrosis  and  tubular 
dilatation),  gastrointestinal  tract  (delayed  gastric  emptying  and  diarrhea),  and  embryo-fetal 
toxicity.  Red  blood  cell  parameters  were  decreased,  and  white  blood  cells  (primarily 
neutrophils)  were  increased.  There  were  treatment-related  increases  in  ALT,  AST  and  bilirubin; 
increases  in  bilirubin  were  likely  caused  by  a  treatment-related  impairment  of  bilirubin 
metabolism. 

2.6. 1.3  Summary  of  Phase  I  Findings 

Phase  I  trials  of  erlotinib  have  explored  both  schedule  and  dose  to  evaluate  the  safety, 
tolerability,  and  pharmacokinetic  profile  of  the  compound.  A  number  of  pharmacokinetic  trials  in 
healthy  subjects  have  been  conducted,  along  with  three  classic  Phase  I  trials  in  patients  with 
advanced  cancer.  The  single-agent  maximum  tolerated  dose  (MTD)  was  estimated  to  be  150 
mg  administered  once  daily.  The  primary  toxicities  consisted  of  diarrhea,  rash,  nausea, 
headache,  emesis,  and  fatigue.  The  only  dose-limiting  toxicity  was  diarrhea.  This  event  was 
dose  related  and  was  generally  controlled  with  the  addition  of  loperamide  therapy  and  treatment 
with  erlotinib  doses  of  <  200  mg/day.  The  appearance  of  the  rash  seen  in  the  clinical  trials  of 
erlotinib  conducted  in  heafthy  subjects  and  cancer  subjects  has  been  similar.  It  was  only 
loosely  dose  related  and  was  seen  commonly  at  doses  of  >  25  mg/day.  The  rash  was  variable 
in  onset,  duration,  and  severity.  The  mechanistic  basis  of  the  rash  remains  uncertain; 
histopathologic  examination  of  biopsies  of  the  rash  demonstrated  polymorphonuclear  leukocyte 
infiltration  and  mild  epidermal  hyperproliferation.  In  some  cases,  the  rash  improved  despite 
continued  dosing,  and  in  general,  it  gradually  resolved  without  sequelae  following  erlotinib 
discontinuation.  The  rash  did  not  result  in  study  discontinuation  in  cancer  subjects  in  either  of 
the  Phase  I  trials.  In  the  phase  I  study,  50%  of  patients  developed  rash  and  86%  diarrhea  at  the 
recommended  phase  II  dose  of  150  mg  daily  (Hidalgo  et  al.,  2001). 
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Based  on  the  ocular  changes  observed  in  the  12-month  toxicology  study  in  dogs,  screening  and 
follow-up  ophthalmologic  examinations  were  instituted  in  the  Phase  i  and  II  trials  in  cancer 
subjects.  In  the  weekly  dosing  study  (Study  248-005),  the  only  reported  erloti nib-related  ocular 
event  was  an  episode  of  mild  watery  eyes.  In  the  daily  dosing  study  (Study  248-004),  1  subject 
experienced  moderate  corneal  edema/keratitis  attributed  to  wearing  contact  lenses,  although  an 
influence  of  ertotinib  was  not  discounted.  The  event  resolved  with  temporary  discontinuation  of 
both  ertotinib  and  contact  lens  use;  there  was  no  recurrence  of  symptoms  with  ertotinib 
rechallenge  in  the  absence  of  continued  use  of  contact  lenses.  No  increased  incidence  of 
ocular  toxicity  related  to  ertotinib  treatment  compared  to  placebo  was  noted  in  the  randomized 
phase  III  trial  of  carboplatin/paclitaxel  +/-  erlotinib  (see  investigator's  brochure). 

2.6. 1.4  Human  Pharmacokinetic  Studies 

Review  of  the  pharmacokinetic  profiles  from  Studies  248-005  and  248-004  (see  Investigator 
Brochure)  revealed  dose-related  increases  in  exposure  to  erlotinib.  Exposure  to  the  active 
metabolite  (OSI-420)  represented  '10%  of  the  parent  compound,  with  an  inter-subject  variability 
in  exposure  of  ~2-fold.  Repetitive  daily  dosing  resulted  in  drug  accumulation.  The  target 
average  plasma  concentration  for  clinical  efficacy  (500  ng/mL)  was  achieved  at  doses  of  >  100 
mg  in  both  the  daily  (Study  248-004)  and  weekly  (Study  248-005)  dosing  studies.  At  the 
recommended  dose  of  150  mg/day,  the  accumulation  ratio  was  2.5+1 .2,  minimum  plasma 
steady-state  concentrations  averaged  1,200+0.62  ng/mL,  which  is  above  the  IC50  (7.86  ng/mL) 
required  to  inhibit  EGFR  in  intact  tumor  cells.  The  half-life  with  the  recommended  150  mg/day 
dosing  was  24.1  hours. 

2.6.1. 5  Phase  II  Trials:  Studies  in  Subjects  with  Advanced  Cancer 

The  1 50  mg/day  dose  of  erlotinib  selected  for  all  subsequent  trials  was  based  on 
pharmacokinetic  parameters  as  well  as  the  safety  and  tolerability  profile  of  this  dose  level  in 
Phase  I  trials  in  advanced,  heavily  pretreated  cancer  subjects.  Three  Phase  II  trials  of  the 
safety,  tolerability,  and  antitumor  activity  of  erlotinib  have  been  conducted  in  subjects  with 
advanced,  refractory  malignancies,  including  NSCLC,  squamous  cell  carcinoma  of  the  head  and 
neck,  and  ovarian  carcinoma.  Subjects  in  each  of  these  studies  received  150  mg/day  of 
erlotinib.  Dose  reductions  were  allowed  in  the  case  of  intolerance.  Diarrhea  was  treated  with 
loperamide  therapy  and/or  dose  reduction.  Rash  was  treated  with  a  variety  of  agents,  including 
oral  and  topical  antibiotics,  corticosteroids,  and  other  agents.  Available  data  from  the  two 
reported  Phase  li  trials  in  NSCLC  and  head  and  neck  cancer  demonstrate  objective  response 
rate  of4%-12%  (Perez-Soler  et  ai„  2004;  Soulieres  et  at.,  2004). 

2.6.1. 6  Non-Small  Cell  Lung  Carcinoma. 

Study  248-1007  enrolled  57  subjects  at  five  centers  with  progressive,  recurrent  NSCLC 
previously  treated  with  a  platinum-based  chemotherapy  regimen.  Erlotinib  was  administered  at 
a  daily  dose  of  150  mg.  In  this  study,  enrolled  subjects  had  measurable  tumors  that  expressed 
at  least  minimal  levels  of  EGFR  (HER-1)  as  detected  by  immunohistochemical  (IHC)  analysis. 

All  57  subjects  were  evaluable  for  antitumor  response.  Eight  subjects  (12.3%)  achieved  an 
objective  response  (1  complete  response,  7  partial  responses;  6  were  confirmed  at  Week  12 
and  beyond).  The  median  and  1  year  survivals  were  8.4  months  and  40%  respectively  (Perez- 
Soler  et  al.,  2004).  A  relationship  between  response  and  the  degree  of  EGFR  (HER-1)  over 
expression  has  not  been  established.  Rash  was  observed  in  75%  of  enrolled  subjects. 

A  phase  II  study  of  single  agent  erlotinib  in  80  subjects  >  70  years  of  age  with  previously 
untreated  advanced  NSCLC  has  completed  accrual  within  the  Dana  Farber  Partners  Cancer 
Care.  Sixty-six  are  evaluable  for  response  and  outcome.  The  results  from  the  study  thus  far 
demonstrate  a  response  rate  of  12%  (8/66)  with  an  additional  48%  (32/66)  of  subjects  achieving 
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stable  disease  at  2  months  after  starting  treatment,  All  8  of  the  responders  have 
adenocarcinoma.  Three  of  the  5  patients  with  a  partial  response  who  had  tumors  available  for 
study  had  a  mutation  of  EGFR.  Two  of  the  14  with  stable  disease  had  a  mutation  of  EGFR. 

The  median  survival  of  the  elderly  patients  with  NSCLC  treated  with  single  agent  erlotinib  was 
10  months. 

2.6.1.7  Response  to  Treatment  with  Erlotinib 

There  has  been  in  vitro  information  generated  to  show  both  gefitinib  and  erlotinib  downregulate 
the  EGFR  receptor  and  the  downstream  kinase  molecules  in  sensitive  NSCLC  cell  lines 
sensitive  to  20  nM-5  nM  gefitinib  and  erlotinib  (Amann  et  al.,  2005;  Arao  et  al,,  2004;  Engelman 
et  al.,  2005;  Tracy  et  al.,  2004)  The  NSCLC  cell  lines  that  are  growth  inhibited  by  gefitinib  and 
erlotinib  also  undergo  downregulation  of  the  phorpho-EGFR,  phosphor-Akt,  and  phosphor-Erk 
pathways.  In  addition,  gefitinib  and  erlotinib  inhibit  the  binding  of  EGFR  to  ErbB-3  in  NSCLC 
cell  lines  sensitive  to  these  agents(Engelman  et  al.,  2005).  The  NSCLC  cell  lines  with  mutations 
of  EGFR  also  undergo  apoptosis  when  treated  with  both  gefitinib  and  erlotinib(Amann  et  al., 
2005;  Tracy  et  al.,  2004). 


3.0  Study  Design  and  Overview 

The  primary  objective  of  this  phase  lib  study  is  to  determine  the  effect  of  erlotinib  in  patients 
with  previously  treated  HNSCC  or  NSCLC  with  no  evidence  of  disease.  Other  objectives  are  to 
determine  if  erlotinib  is  tolerable  in  this  patient  population  and  to  examine  effects  on  markers  of 
proliferation  and  apoptosis  and  the  incidence  of  second  primary  tumors  and  recurrences. 

Patients  with  stage  I  or  II  HNSCC  or  NSCLC  after  definitive  local  therapy  who  have  no  evidence 
of  disease  will  be  treated  with  erlotinib  for  one  year.  Patients  will  be  evaluated  with  spiral  CT, 
fluorescent  bronchoscopy,  and  serologies  per  the  vanguard  trial.  Detailed  description  of  the 
vanguard  trial  can  be  found  in  a  separate  protocol.  All  patients  need  to  consent  to  the  vanguard 
trial  first  before  consenting  to  the  current  study.  This  erlotinib  study  is  the  second  sequentially 
planned  biological  adjuvant  studies  in  conjunction  with  the  vanguard  study. 

Clinical  studies  with  erlotinib  given  as  a  single  agent  show  that  this  medication  is  well  tolerated 
with  well-defined,  toxicity  profiles. 

No  specific  demographic  or  gender  groups  will  be  targeted. 

Patients  will  be  consented  by  the  treating  physician  and  the  research  nurse.  Witnesses  will  be 
clinic  nurses  or  other  members  present  during  the  informed  consent  interview  process.  Patients 
may  request  information  and  decide  to  enroll  at  a  later  date.  Follow-up  will  occur  through  the 
research  nurse. 


4.0  Patient  Eligibility 
4.1  Inclusion  criteria 

1.  Patients  with  either:  a)  histologically  proven  stage  I,  II,  or  IIIA  NSCLC  who  have 
undergone  a  complete  surgical  resection  of  the  primary  tumor  OR  b)  stage  I  or  II 
HNSCC  who  have  undergone  definitive  local  treatment  (surgery  or  radiation  therapy), 

2.  HNSCC  patients:  Definitive  local  treatment  <  1 2  months  prior  to  trial  enrollment. 


Protocol  2006*0946 
Revised  January  17,  2007 
Page  9 


NSCLC  patients;  Surgery  <_12  months  prior  to  trial  enrollment. 

3.  No  evidence  of  residual  cancer 

4.  Smoking  history  of  at  least  10  pack  years,  May  be  current  or  former  smoker. 

5.  Performance  status  of  <  2  (Zubrod,  appendix  C) 

6.  Age  1 18  years 

7.  Participants  must  have  no  contraindications  for  undergoing  bronchoscopy. 

8.  Patients  must  have  no  active  pulmonary  infections. 

9.  Participants  must  not  be  taking  oral  non-steroidal  anti-inflammatory  drugs  on  a  regular 
basis. 

10.  Participants  must  have  the  following  blood  levels;  total  granulocyte  count  >1500;  platelet 
count  >  100,000;  total  bilirubin  <  1.5  mg  %;  and  creatinine  <  1.5  mg  %, 

1 1 .  Participants  must  complete  the  pretreatment  evaluation  and  must  consent  to 
bronchoscopy  and  to  endobronchial  biopsy  for  biomarker  studies. 

1 2.  All  subjects  who  agree  to  participate  will  be  given  a  written  and  verbal  explanation  of  the 
study  requirements  and  a  consent  form  that  must  be  signed  prior  to  registration. 

Subjects  will  be  informed  that  (a)  they  must  be  willing  to  take  capsules  daily  for  the 
duration  of  the  trial,  (b)  they  must  be  willing  to  take  biopsies  through  bronchoscopy  and 
give  blood  samples  at  the  specified  times,  (c)  they  must  schedule  and  keep  the  specified 
follow-up  visits  with  their  physicians  and  the  study  clinics,  and  (d)  side  effects  and  health 
risks  may  occur,  as  described  in  the  informed  consent  form. 

1 3.  Participant  must  be  enrolled  in  MDACC  protocol  #2003-0424  titled  "A  Phase  lib 
Vanguard  Study  Characterizing  the  Occurrence  of  Recurrent  or  Second  Primary  Tumors 
in  Patients  with  a  Prior  History  of  a  Definitively  Treated  Stage  I/ll  Head  and  Neck  or  Non- 
Small  Cell  Cancer  who  are  Current  or  Former  Smokers," 

14.  Patients  with  prior  head  and  neck  cancer  only:  Participants  must  have  no 
contraindications  for  undergoing  laryngoscopy. 

15.  Subject  must  be  considered  legally  capable  of  providing  his  or  her  own  consent  for 
participation  in  this  trial. 


4.2  Exclusion  Criteria 

1 .  History  of  radiation  therapy  to  the  chest.  For  those  patients  with  head  and  neck  cancer 
who  received  radiation,  no  more  than  10%  of  the  lung  volume  {apices)  may  be  included. 

2.  History  of  prior  EGFR  treatment 

3.  Pregnant  or  breast-feeding  (a  negative  pregnancy  test  within  72  hours  of  enrollment  far 
women  with  child-bearing  potential  is  required) 

4.  Participants  with  active  gastric  or  duodenal  ulcers  or  a  history  of  ulcers  requiring 
prophylactic  H2  blockers. 

5.  Participants  with  active  pulmonary  infections  or  recent  history  of  pulmonary  infection 
(within  one  month). 

6.  Participants  with  acute  intercurrent  illness. 

7.  Participants  requiring  chronic  ongoing  treatment  with  NSAIDs.  (Casual  or  non-prescribed 
use  of  NSAIDs  is  permitted  as  long  as  their  use  does  not  exceed  one  week  at  a  time.) 

8.  Participants  with  history  of  stroke,  uncontrolled  hypertension  and/or  uncontrolled  angina 
pectoris. 

9.  Patients  may  not  take  high  dose  antioxidants  (vitamins  E  or  C)  during  the  study  period. 
"High  dose“  will  be  determined  by  the  study  investigators. 

10.  Patients  may  not  take  high  dose  synthetic  or  natural  Vitamin  A  derivatives  (>  1 0,000  III 
per  day). 

1 1 .  History  of  biologic  therapy 
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12.  Women  of  child-bearing  potential  must  agree  to  use  adequate  contraception  (hormonal 
or  barrier  method  of  birth  control;  abstinence)  prior  to  study  entry  and  for  the  duration  of 
study  participation.  Childbearing  potential  will  be  defined  as  women  who  have  had 
menses  within  the  past  12  months,  who  have  not  had  tubal  ligation  or  bilateral 
oophorectomy.  Should  a  woman  become  pregnant  or  suspect  that  she  is  pregnant  while 
participating  in  this  study,  she  should  inform  her  treating  physician  immediately.  The 
patient,  if  a  man,  agrees  to  use  effective  contraception  or  abstinence. 

1 3.  The  patient  has  dysphagia.  A  patient  who  is  unable  to  swallow  intact  capsules  must  be 
able  to  swallow  capsules  dissolved  in  water. 

14.  The  patient  has  active  gastrointestinal  disease  or  a  disorder  that  alters  gastrointestinal 
motility  or  absorption  (i.e.,  lack  of  integrity  of  the  gastrointestinal  tract  such  as  a 
significant  surgical  resection  of  the  stomach  or  small  bowel). 


Patients  will  be  enrolled  from  the  Thoracic/Head  and  Neck  Medical  Oncology  and  Surgical 
Oncology  clinics  at  M.  D.  Anderson.  Research  nurses  will  also  identify  candidates  from  the 
clinic  rosters  and  promote  awareness  in  the  community  through  various  media  outlets. 

Children,  pregnant  women,  and  breast-feeding  women  will  not  be  enrolled  into  the  study. 
Participants  will  be  consented  by  procedures  described  in  sections  3.0  and  14.4.  The  consent 
process  and  informed  consent  document  will  clearly  state  that  patients  are  not  required  to 
participate  in  the  study  and  that  they  may  stop  participation  in  the  study  at  any  time. 


5.0  Treatment  Plan 

Patients  who  meet  the  eligibility  criteria  in  section  4  will  be  randomly  assigned  in  a  2:1  ratio  to 
either:  1 )  treatment  with  erlotinib  or  2)  no  treatment.  Patients  assigned  to  treatment  will  be 
treated  for  a  total  of  12  months.  All  patients  will  undergo  a  bronchoscopy  and  spiral  CT  at 
baseline.  These  studies  will  be  repeated  12  months  after  baseline.  The  plan  is  to  start 
treatment  patients  at  dose  level  0  and  reduce  the  dose  as  outlined  in  section  6,3.  There  will  be 
no  dose  escalation. 

Patients  will  be  followed  for  up  to  3  years  after  the  first  12  month  period,  for  a  total  of  up  to  4 
years. 

Erlotinib  will  be  administered  in  oral  150  mg  tablets.  Patients  will  take  the  erlotinib  by  mouth 
once  daily. 


5.1  Severe  Oysplasia/Carcinoma  in  Situ 

Any  participants  found  to  have  severe  dysplasia  or  carcinoma  in  situ  at  initial  or  subsequent 
bronchoscopy  will  be  strongly  encouraged  to  undergo  additional  bronchoscopies  at  6-month 
intervals.  Any  participant  discovered  to  have  invasive  carcinoma  at  any  time  during  the  study 
will  be  referred  for  appropriate  intervention  (CIS  pathway  Appendix  A). 

5.2  Smoking  Cessation  Program 

Any  participant  who  is  a  current  smoker  will  be  offered  participation  in  a  smoking  cessation 
program. 
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5.3  IND 

Since  erlotinib  is  approved  by  the  FDA  for  locally  advanced  or  metastatic  non-small  cell  lung 
cancer  (after  failure  of  prior  chemotherapy),  the  FDA  has  determined  that  this  study  is  exempt 
from  IND  regulations,  and  therefore,  an  IND  is  not  required  to  conduct  the  investigation. 


6.0  Study  Activities 

6.1  Pre-Study  Evaluations  (see  Appendix  E) 

Unless  otherwise  noted,  labs,  physical  exams,  imaging  studies,  and  the  laryngoscopy  are  to  be 

performed  within  4  weeks  of  beginning  participation  in  this  study. 

1.  Signed  informed  consent 

2.  Medical  history  including  smoking  history  (duration  and  intensity) 

3.  Physical  exam:  including  height,  weight,  Zubrod  performance  status  assessment.  Vital 
signs  including  pulse,  blood  pressure,  temperature 

4.  Bronchoscopy 

5.  Buccal  brushing 

6.  Sputum  and  saliva  sample 

7.  Serum  sample  for  biomarkers 

8.  Serum  chemistry  and  electrolytes  to  include:  BUN,  creatinine,  total  bilirubin,  SGPT, 
alkaline  phosphatase,  albumin 

9.  Hematology  to  include:  CBC  with  automated  differential  and  platelet  count 

10.  Chest  x-ray 

11.  CT  scan  of  chest 

12.  Laryngoscopy  for  patients  with  prior  head  and  neck  cancers 

13.  PT 

14.  Pregnancy  test  (urine  or  serum)  for  females  of  childbearing  potential  within  72  hours 
prior  to  enrollment 

6.2  Treatment  Evaluations  while  on  study  (see  Appendix  E) 

The  participant  will  be  observed  on  the  study  for  a  total  of  36  months.  Treatment  evaluations 

will  include  those  as  pari  of  the  Vanguard  trial  as  well  as  additional  testing  for  those  enrolled  on 

this  adjuvant  study  including: 

1.  Patients  randomized  to  receive  erlotinib:  Medical  history  and  physical  exam  by  a 
physician  at  3, 6,  and  12  months.  Medical  history  and  nursing  exam  every  3  months 
during  each  of  the  first  12  months  in  which  a  physician  exam  is  not  scheduled.  Upon 
completion  of  erlotinib  patients  will  be  followed  monthly  until  resolution  of  symptoms  from 
study  medications,  A  focused  history  and  physical  will  be  done  to  evaluate  and 
document  any  symptoms  of  Gl  bleeding,  vision  changes,  rash,  headache,  arthralgias, 
dyspepsia,  or  other  symptoms. 

Patients  randomized  to  no  treatment:  Medical  history  and  physical  exam  by  a  physician 
at  months  6  and  12.  Nursing  follow-up  by  phone  at  months  3  and  9. 

All  patients:  Medical  history  and  physical  exam  by  physician  at  months  24  and  36. 
Medical  history  and  nursing  exam  at  months  18  and  30.  After  36  months,  the  patient  will 
have  a  medical  history  and  physical  exam  every  6  months.  The  exam  will  be  performed 
by  a  physician  every  12  months  after  36  months.  The  other  physical  exams  will  be 
performed  by  a  nurse. 
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2.  Bronchoscopy  at  month  12, 24  (optional),  36  (optional).  Assessment  of  histology  and 
biomarkers  will  be  performed  in  the  tissue  biopsy  at  the  same  time.  If  an  intercurrent 
illness  coincides  with  a  time  period  where  bronchoscopy  is  scheduled,  the  bronchoscopy 
will  be  delayed  30  days  or  until  resolution  of  the  illness. 

3.  Buccal  brushing  at  month  12,  24  (optional),  36  (optional). 

4.  Sputum  and  saliva  sample  at  month  12,  24  (optional),  36  (optional). 

5.  Serum  chemistry  and  electrolytes  to  include  BUN,  creatinine,  SGPT,  total  bilirubin, 
alkaline  phosphatase,  albumin  at  months  3  (patients  randomized  to  erlotinib  only),  6, 
12,18,  24,  30  and  36.  After  36  months,  the  participant  will  have  assessments  every  12 
months  for  as  long  as  s/he  remains  observed  on  the  study, 

6.  Hematology  to  include:  CBC  with  automated  differential  and  platelet  count  at  month  3 
(patients  randomized  to  erlotinib  only),  6,  12, 18,  24,  30  and  36.  After  36  months,  the 
participant  will  have  assessments  every  12  months  for  as  long  as  s/he  remains  observed 
on  the  study. 

7.  Serum  samples  for  biomarkers  will  be  collected  at  months  3,  6, 12, 18,  24,  30  and  36. 
After  36  months,  the  participant  will  have  assessments  every  12  months  for  as  long  as 
s/he  remains  observed  on  the  study. 

8.  Chest  x-ray  at  6, 12, 18,  24,  30  and  36  months, 

9.  Chest  CT  at  6, 12, 18,  24,  30  and  36  months. 

10.  Head  neck  exam  with  laryngoscopy  at  12  months  for  those  patients  with  prior  head  and 
neck  cancer. 

6.3  Dose  modifications 

All  patients  will  start  at  dose  level  0.  There  will  be  no  planned  dose  escalation.  The  NCI 

Common  Terminology  Criteria  for  Adverse  Events  v3.0  (CTCAE)  will  be  used  (Appendix  H). 


Dose  Level  0 

Dose  Level  -1 

Dose  Level  -2 

Dose  Level  -3 

1 50  mg/day 

100  mg/day 

50  mg/day 

Off  Study 

6.3.1  Treatment  of  Erlotinib  Toxicity  and  Dose  Modification: 

Toxicity  grading  is  based  on  NCI  Common  Terminology  Criteria  for  Adverse  Events  (v3.0) 
(http://ctep.cancer.gov/forms/CTCAEv3.pdf)  and  a  treatment  algorithm  for  the  most 
common  toxicities,  diarrhea  and  skin  rash  is  outlined  in  Table  6,1. 

Management  of  a  tolerable  Grade  2  or  3  rash  should  include  continuation  of  erlotinib  at  the 
current  dose  and  symptomatic  management.  Because  secondary  bacterial  infections  are 
common  and  can  lead  to  more  serious  complications,  topical  or  systemic  antibiotics  may  be 
considered.  Anecdotally,  topical  or  a  short  course  of  systemic  corticosteroids  can  be  helpful.  If 
skin  rash  is  intolerable,  dose  reduction  should  occur  as  described  above.  When  skin  toxicity 
improves  by  at  least  one  grade  level,  the  dose  may  be  re-escalated  as  tolerated.  In  Phase  It 
trials,  this  approach  enabled  dose  re-escalation  for  the  majority  of  patients  requiring  dose 
reduction  for  skin  toxicity,  Patients  experiencing  Grade  4  skin  toxicity  should  be  discontinued 
from  study  treatment. 

For  Grade  1  or  2  diarrhea,  early  intervention  should  include  continuation  of  erlotinib  at  the 
current  dose  and  initiation  of  loperamide  therapy  as  described  in  Table  6.1 .  Grade  2 
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diarrhea  that  persists  over  48-72  hours,  despite  optimal  medical  management,  should  be 
managed  by  dose  reduction  according  to  Table  6.1.  Patients  experiencing  Grade  3 
diarrhea  should  interrupt  erlotinib  until  resolution  to  Grade  ^1  and  re-start  at  a  reduced 
dose  according  to  table  above.  Patients  should  be  maintained  at  the  reduced  dose  without 
attempt  at  dose  re-escalation.  Patients  experiencing  Grade  4  diarrhea  should  be 
discontinued  from  study  treatment. 

Patients  who  experience  Grade  3  fatigue  should  be  managed  with  a  dose  reduction  of  150mg  to 
lOOmg.  Patients  who  experience  Grade  4  fatigue  should  be  discontinued  from  study. 

Other  serious  adverse  events  or  Grade  3  or  4  adverse  events  considered  to  be  related  to 
study  drug  should  be  managed  with  dose  interruption  until  resolution  of  the  event  (Grade 
1).  Other  serious  adverse  events  or  Grade  3  or  4  adverse  events  not  resolving  in  2  weeks 
will  result  in  patient  discontinuation.  Patients  may  be  rechallenged  with  study  drug  at  the 
same  dose  level  if  the  criteria  for  rechallenge  are  met.  If  the  adverse  event  recurs  after 
rechaflenge,  the  patient  should  be  withdrawn  from  the  study. 

Although  quite  rare,  interstitial  lung  disease  (ILD)  can  be  life  threatening.  Therefore, 
patients  should  be  monitored  closely  for  symptoms  consistent  with  ILD,  such  as  new  onset 
dyspnea  without  an  obvious  cause.  In  the  event  that  ILD  is  suspected,  erlotinib  treatment 
should  be  discontinued  and  the  patient  should  receive  appropriate  medical  management. 
Although  there  is  no  proven  therapy,  systemic  corticosteroids  are  often  provided.  Erlotinib 
should  not  be  restarted  in  those  patients  suspected  of  having  drug-related  ILD.  See  Table 
6,1  for  management  guidelines,  including  erlotinib  dose  interruption. 


Protocol  2006-0946 
Revised  January  17,  2007 
Page  14 


Table  6.1 

Dosage  Modification  Criteria  and  Guidelines  for  Management 
of  Erlotinib-Related  Toxicities 


NCI-CTCAE  (v  3.0) 
Grade 

Erlotinib  Dose  Modification 

Guideline  for  Management  , 

Diarrhea 

Grade  1 

None 

Consider  foperamide  (4  mg 
at  first  onset,  followed  by  2 
mg  q  2-4  hours  until  free  of 
diarrhea  for  12  hours) 

Grade  2 

None 

(Dose  reduction  of  erlotinib  is 
necessary  if  diarrhea  persists 
over  48-72  hours  despite 
optimal  medical 
management) 

Loperamide  (4  mg  at  first 
onset,  followed  by  2  mg  q  2- 
4  hours  until  diarrhea  free  for 
12  hours) 

Grade  3 

Interrupt  then  dose  reduce 
erlotinib.  Erlotinib  should  not 
be  re-escalated. 

Interrupt  erlotinib  until 
resolution  to  Grade  <1,  and 
restart  at  next  reduced  dose 

Grade  4 

Discontinue  study  treatment. 

Pulmonary  Events  if  possibly  ILD 

All  Grades 

Temporarily  interrupt  erlotinib 
pending  the  diagnostic 
evaluation.  If  the  pulmonary 
adverse  event  is  assessed  as 
related  to  erlotinib, 
discontinue  the  patient  from 
study  treatment. 

Unexplained  dyspnea,  either 
new  or  progressive,  should 
be  aggressively  evaluated. 

Rash 

Tolerable  rash 
(Grade  2  or  3) 

None 

Any  of  the  following: 
minocycline*,  topical 
tetracycline,  topical 
clindamycin,  topical  silver 
sulfadiazine, 
diphenhydramine,  oral 
prednisone  (short  course)  at 
discretion  of  investigator 

intolerable  rash 
(Grade  2  or  3) 

Consider  interruption  and  or 
dose  reduction  if 
unresponsive  to  symptomatic 
management.  Re-escalation 
is  allowed. 

Manage  as  described  above 

Grade  4 

*  n _ _ _  j _ ^ 

Discontinue  study  treatment. 

Manage  as  described  above 

*  Recommended  dose:  200  mg  po  bid  (loading  dose)  followed  by  100  mg  po  bid  for 
7-1 0  days. 
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All  subjects  will  be  evaluable  for  toxicity  if  they  have  received  any  study  drug.  Safety  parameters 
will  include  description  of  toxic  deaths,  premature  withdrawals  from  treatment  for  toxicity 
reasons,  description  of  adverse  events,  serious  adverse  events  (SAE),  and  evaluation  of 
toxicity. 


6.4  Long  Term  Follow  up 

All  participants  will  be  followed  until  approximately  36  months  after  study  enrollment  at  which 
time  repeat  testing  and  assessment  will  be  done  including  bronchoscopy.  Participants  will  then 
be  followed  at  6  month  intervals  until  the  study  is  completed.  Participants  will  be  followed  for 
survival  with  an  annual  follow-up  appointment  and  form  to  be  completed  for  at  least  one  year 
after  final  participant  enrolled  completes  a  36  month  evaluation  ora  maximum  follow-up  of  6 
years.  We  plan  to  begin  enrolling  participants  in  this  study  in  12706.  We  expect  that  participants 
will  be  followed  until  8/12. 

6.5  Early  withdrawal 

Early  withdrawal  is  defined  as  a  participant  who  is  unable  to  continue  participation  on  the  study, 
participant  refusal,  or  noncompliance.  The  following  study  activities  will  be  completed  at  early 
withdrawal  or  at  the  end  of  study. 

1.  Medical  history  including  documentation  of  smoking  status 

2.  Physical  exam 

3.  Radiolog ic/bronchoscopic  assessment  with  tissue/sputum/washings  samples 

4.  Serum  chemistry  and  electrolytes  to  include:  SUN,  creatinine,  sodium,  potassium, 
chloride,  glucose,  total  bilirubin,  SGPT,  alkaline  phosphatase,  and  albumin. 

5.  Hematology  to  include:  CSC  with  automated  differential  and  platelet  count 

6.  Serum  collection  for  biomarker  studies 

7.  Record  for  concomitant  medications. 

8.  Monitor  for  adverse  events. 


6.6  Study  Procedures 
6.6.1  Bronchoscopy 

Bronchoscopies  will  be  performed  at  baseline  and  at  months  12,  24  (optional)  and  36  (optional) 
while  participating  in  the  study.  White-light  alone  or  white  light  and  autofluorescence  modalities 
may  be  used,  both  are  preferred.  Any  carcinoma  in  situ  found  during  the  series  of 
bronchoscopies  will  be  documented  and  treated  with  ablation  (see  Appendix  A). 

1 .  Bronchoscopy:  Study  subjects  wilt  undergo  autofluorescence  and  white-light 
bronchoscopy  after  being  NPO  in  regard  to  solid  food  for  a  minimum  of  six  hours  and 
NPO  for  oral  medications  and  small  amounts  of  liquids  for  two  hours  prior  to  the 
procedure.  The  participant  will  be  monitored  with  continuous  electro-cardiograph ic, 
respiratory,  and  oximetric  monitoring,  with  intermittent  blood  pressure  monitoring.  A 
complete  endobronchial  inspection  will  be  performed  and  suspicious  areas  under  white- 
light  and  autofluorescence  bronchoscopy  will  be  identified  and  recorded  for  subsequent 
biopsies  and  brushings.  Specimens  will  be  used  to  analyze  biomarkers,  genomic  and 
proteomic  studies  and  histologic  assessment. 

2.  Bronchial  secretions  collection:  During  the  bronchoscopy  procedure,  after  the 
bronchoscope  has  passed  beyond  the  vocal  cords,  a  trap  will  be  placed  in  the  suction 
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line  and  bronchial  secretions  will  be  suctioned,  collected  and  saved  until  the  initiation  of 
endobronchial  biopsy  and  brushing  procedures.  Additional  normal  saline  may  be 
instilled  on  each  side  of  the  bronchial  tree  until  a  minimum  volume  of  15  ml.  is  retrieved. 
These  liquids  are  saved  for  cytological  and  biological  marker  analyses. 

3.  Bronchoalveolar  lavage:  Following  collection  of  bronchial  secretions,  the  bronchoscope 
will  be  wedged  in  the  right  middle  lobe  or  lingular  orifice.  Three  20  ml  aliquots  of  sterile 
saline  will  be  sequentially  instilled,  retrieved  by  gentle  suction,  pooled,  and  placed  on  ice 
for  later  analysis  and  storage.  The  volume  of  recovered  effluent  will  be  recorded. 

4  Endobronchial  biopsies:  Biopsies  will  be  taken  from  six  predetermined  sites  even  if  they 
appear  normal  under  white  light  or  autofluorescence  bronchoscopy:  main  carina, 
carinas  at  both  upper  lobe  orifices,  carina  at  right  middle  lobe  orifice,  carina  between  RB 
9  and  RB  10  and  carina  between  LB  9  and  LB  10.  Biopsies  will  also  be  taken  from  any 
additional  sites  that  appear  abnormal  under  white  light  and/or  autofluorescence 
bronchoscopy  .  If  a  biopsy  cannot  be  obtained  at  an  abnormal  site,  then  a  brushing 
alone  of  that  site  will  be  performed.  If  possible,  biopsies  will  be  taken  in  such  a  fashion 
that  not  all  of  a  potential  marker  lesion  is  removed,  On  followup  bronchoscopies,  the  six 
predetermined  sites  and  the  sites  that  had  histologic  dysplasia  determined  to  be  mild  or 
greater  will  be  re-biopsied.  One  or  more  biopsy  may  be  cultured  to  obtain  respiratory 
epithelial  cells.  Depending  on  participant  tolerance  and  operator  discretion, 
endobronchial  biopsies  may  be  terminated  at  any  time;  however,  an  attempt  will  be 
made  to  biopsy  between  6  and  12  sites  on  each  participant.  Additional  sites  may  be 
biopsied  if  deemed  clinically  indicated,  but  more  than  12  endobronchial  biopsies  will  not 
be  routinely  taken.  Bronchial  brushings  may  be  performed  based  on  patient  tolerance 
and  yield  of  biopsies. 

5.  Bronchial  baishinos:  Following  completion  of  each  biopsy,  a  bronchial  brushings  will  be 
taken  from  the  region  adjacent  to  the  biopsy  site.  Bronchial  brushings  will  therefore  be 
obtained  from  the  six  predetermined  carinas  (main  carina,  carinas  at  both  upper  lobe 
orifices,  carina  at  right  middle  lobe  orifice,  carina  between  RB  9  and  RB  10  and  carina 
between  LB  9  and  LB1 0).  Brushings  will  also  be  taken  from  any  additional  sites  that 
appear  abnormal  under  white  light  and/or  autofluorescence  bronchoscopy.  A  brushing 
alone  will  be  performed  at  any  an  abnormal  site  that  cannot  be  biopsied.  On  followup 
bronchoscopies,  the  six  predetermined  sites  and  the  sites  that  had  histologic  dysplasia 
determined  to  be  mild  or  greater  will  be  re-brushed, 

6-  Bronchial  washings:  Following  the  collection  of  bronchial  secretions  and  bronchoalveolar 
lavage,  the  trap  in  the  suction  line  will  be  changed.  Any  bronchial  secretions  will  be 
suctioned,  collected,  and  saved  until  the  completion  of  the  procedure  and  withdrawal  of 
the  bronchoscope  above  the  vocal  cords.  Additional  normal  saline  may  be  instilled  on 
each  side  of  the  bronchial  tree  until  a  minimum  volume  of  1 5  ml.  is  retrieved.  These 
liquids  are  saved  for  cytological  and  biological  marker  analyses. 

6.6.2  Repeat  Bronchoscopy 

All  evaluable  study  participants  will  have  repeat  bronchoscopies  with  biopsies,  brushes,  and 
washes  at  months  12,  24  (optional)  and  36  (optional)  while  participating  in  the  study.  Biopsy, 
brush,  and  wash  samples  will  be  obtained  from  the  same  sites  sampled  in  the  initial 
bronchoscopy.  New  abnormal  areas  detected  by  bronchoscopy  will  also  be  biopsied. 

Histologic  assessment  will  be  performed  to  determine  whether  malignant  changes  have 
occurred  during  the  time  period. 


6.6.3  Sputum  Samples 
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All  registered  participants  will  undergo  sputum  collection  prior  to  bronchoscopy  at  baseline  and 
months  12, 24  (optional)  and  36  (optional)  while  participating  in  the  study.  Sputum  samples  will 
be  analyzed  cytologically,  and  specimens  will  be  stored  for  biomarker  studies. 

6.6.4  Buccal  Brushings 

All  registered  participants  will  undergo  buccal  brushings  from  the  inner  left  cheek  at  baseline 
and  months  12,  24  (optional)  and  36  (optional)  while  participating  in  the  study  to  investigate 
evidence  for  tobacco-induced  histologic  and  genetic  alterations.  This  procedure  may  be  found 
to  serve  as  a  surrogate  marker  of  damage  incurred  in  the  bronchial  tree. 

6.6.5  Saliva 

All  registered  participants  will  have  saliva  collected  at  baseline  and  months  12,  24  (optional)  and 
36  (optional)  while  participating  in  the  study  to  investigate  evidence  for  tobacco-induced 
histologic  and  genetic  alterations  and  biomarker  studies. 

6.6.6  Serologies 

All  registered  participants  will  have  serum  collected  at  baseline  and  month  6, 12,  18,  24,  30  and 
36  while  participating  in  the  study.  Serum  will  be  stored  and  analyzed  for  biomarker,  genomic 
and  proteomic  studies  as  well  as  gene  expression  profiles. 


7.0  I  n vestig  ati  ona  I  prod  uct  d  esc  ri  ption 

Erlotinib  (OSf-774,  Tarceva™)  is  supplied  by  OSI  Pharmaceuticals,  Melville,  NY,  in  partnership 
with  Genentech.  Erlotinib  is  FDA  approved  for  treatment  of  locally  advanced  or  metastatic  non- 
smal!  cell  lung  cancer  after  the  failure  of  at  least  one  prior  chemotherapy  regimen. 

7.1  Drug  Accountability 

All  study  drug  required  for  completion  of  the  study  will  be  provided  by  OSI  Pharmaceuticals,  Inc. 
The  recipient  will  acknowledge  receipt  of  the  drug  by  returning  the  drug  receipt  form  indicating 
shipment  content  and  condition.  Damaged  supplies  will  be  replaced.  Study  drug  accountability 
records  should  be  maintained  by  the  site  in  accordance  with  the  regulations. 

The  original  drug  supply  request  of  erlotinib  will  be  submitted  to  Genentech  along  with  the  form 
“Approval  for  Drug  Re-Supply”,  indicating  which  personnel  will  be  able  to  submit  drug  re-supply 
requests.  All  subsequent  drug  re-supply  requests  will  be  directly  submitted  to  OSI- 
Pharmaceuticais  from  the  site. 

At  the  time  of  study  closure,  the  unused,  used  and  expired  study  drug  will  be  destroyed  at  the 
site  per  Institutional  SOPs,  or  returned  to  the  OSI-Pharmaceutical  Drug  Depot. 

7.2  Formulation,  Packaging  and  Storage 

Erlotinib  oral  tablets  are  conventional,  immediate-release  tablets  containing  erlotinib  as  the 
hydrochloride  salt.  In  addition  to  the  active  ingredient,  erlotinib,  tablets  contain  lactose,  hydrous 
microcrystalline  cellulose,  sodium  starch  glycolate,  sodium  lauryl  sulfate,  and  magnesium 
stearate.  Study  drug  for  daily  oral  administration  will  be  supplied  as  25,  100,  and  150  mg 
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tablets  of  erlotinib,  in  white,  high-density  polyethylene  (HDPE)  bottles  with  child-resistant 
closures  and  should  be  stored  at  temperatures  between  15°C  and  30°C  (59°F  and  86°F).  For 
further  details,  see  the  erlotinib  investigator  Brochure. 

7.3  Preparation  and  Administration 

Tablets  should  be  taken  preferably  in  the  morning  one  hour  prior  or  two  hours  after  a  meal  with 
up  to  200  mL  of  water.  Subjects  who  are  unable  to  swallow  tablets  may  dissolve  the  tablets  in 
distilled  water  for  administration.  If  a  subject  forgets  to  take  a  dose,  the  last  missed  dose  should 
be  taken  as  soon  as  the  subject  remembers,  as  long  as  it  is  at  least  12  hours  before  the  next 
dose  is  due  to  be  taken.  The  daily  treatment  schedule  will  be  resumed  the  next  day  with  the 
subject  taking  their  scheduled  dose  at  their  usual  time.  In  subjects  who  have  emesis  and  are 
unable  to  retain  erlotinib  for  30  minutes  or  longer,  every  attempt  should  be  made  to  obtain 
control  of  nausea  and  vomiting.  The  dose  of  erlotinib  may  be  repeated  if  emesis  occurs  within 
30  minutes  of  taking  the  tablet, 

7.4  Pretreatment  Medications 

Although  no  pre-medication  is  necessary  prior  to  taking  erlotinib,  pre-medication  will  be  allowed 
if  needed, 

7.5  Warnings  and  Precautions  of  Erlotinib  Administration 

Based  upon  clinical  experience  to  date,  the  following  adverse  effects  may  be  associated  with 
erlotinib  administration:  The  primary  toxicities  consist  of  diarrhea,  rash,  nausea,  vomiting, 
stomatitis,  headache,  and  fatigue.  The  only  dose-limiting  toxicity  observed  to  date  is  diarrhea. 
This  event  is  dose-related  and  is  generally  controlled  with  the  addition  of  loperamide  therapy, 
starting  doses  of  erlotinib  of  <  200  mg/day,  and  dose  reductions. 

Rash  occurred  in  75%  of  erlotinib-treated  NSCLC  patients  enrolled  in  BR.21.  A  papular, 
pustular  rash  manifesting  most  often  on  the  face  and  upper  trunk  was  common  across  all 
studies,  but  rash  was  rarely  the  cause  of  study  drug  discontinuation.  The  rash  may  be 
associated  with  erythema,  pain,  pruritus,  dryness,  and  less  commonly,  stomatitis,  keratitis  and 
nailbed  changes.  Wearing  of  contact  lenses  while  receiving  erlotinib  therapy  is  not 
recommended.  The  incidence  of  diarrhea  in  BR.21  was  54%  of  erlotinib-treated  NSCLC 
patients.  The  median  time  to  onset  of  skin  rash  was  8  days  and  median  time  to  occurrence  of 
first  diarrheal  symptom  was  9  days. 


There  have  been  infrequent  reports  of  serious  (including  fatal)  interstitial  lung  disease  (ILD)  in 
patients  receiving  erlotinib  for  treatment  of  NSCLC  or  other  advanced  solid  tumors,  in  Study 
BR.21,  the  incidence  of  ILD  (0.8%)  was  the  same  in  the  placebo  and  erlotinib  groups.  The 
overall  incidence  in  erlotinib-treated  patients  from  all  studies  (including  uncontrolled  studies  and 
studies  with  concurrent  chemotherapy)  is  approximately  0.6%,  Included  in  this  rate  of  ILD  are 
reported  diagnoses  of  pneumonitis,  interstitial  pneumonia,  interstitial  lung  disease,  obliterative 
bronchiolitis,  pulmonary  fibrosis,  acute  respiratory  distress  syndrome,  and  lung  infiltration, 
irrespective  of  investigator  assessed  causality.  Most  of  the  cases  were  associated  with 
confounding  or  contributing  factors  such  as  concomitant/prior  chemotherapy,  prior  radiotherapy, 
preexisting  parenchymal  lung  disease,  metastatic  lung  disease,  or  pulmonary  infections. 
Reversible  renal  Impairment  has  been  reported  in  association  with  dehydration  associated  with 
nausea,  vomiting,  and  diarrhea.  There  have  been  rare  reports  of  renal  failure  in  patients 
receiving  erlotinib  in  combination  with  platinum-containing  chemotherapy  regimens.  Febrile 
neutropenia  has  been  reported  in  patients  receiving  concomitant  chemotherapy. 
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Erlotinib  is  both  protein  bound  (92%— 95%)  and  metabolized  by  hepatic  cytochromes  CYP3A4 
and  CYP3A5  and  pulmonary  cytochrome  CYP1A1.  Therefore,  a  potential  for  drug-drug 
interaction  exists  when  erlotinib  is  co-administered  with  drugs  that  are  highly  protein  bound  or 
that  are  CYP3A4  inhibitors/inducers. 

Co-administration  of  erlotinib  with  an  inhibitor  of  CYP3A4  metabolism  (ketoconazole.  200  mg  po 
BID  for  5  days)  resulted  in  increased  exposure  to  erlotinib  as  measured  by  an  86%  increase  in 
median  erlotinib  AUC  and  a  69%  increase  Cma*,  compared  with  administration  of  erlotinib  alone. 
Induction  of  CYP3A4  metabolism  by  a  known  enzyme  inducer  (rifampin,  600  mg  po  QD  for  7 
days)  resulted  in  a  69%  decrease  in  the  median  erlotinib  AUC,  compared  with  administration  of 
erlotinib  alone.  However,  the  effect  of  rifampin  on  Cma*  was  negligible. 

International  normalized  ratio  (INR)  elevations  and/or  bleeding  events  have  been  reported  in 
some  cancer  patients  taking  warfarin  while  on  erlotinib. 

Additional  rare  side  effects  have  included:  interstitial  pneumonitis,  gastrointestinal  irritation 
including  gastrointestinal  perforation,  increased  risk  of  gastrointestinal  bleeding  when  combined 
with  NSAIDS,  stomatitis,  anorexia,  alopecia,  pruritis,  myalgias,  bone  pain,  cough,  dyspnea,  and 
ocular  changes.  For  complete  details  of  these  rare  side  effects  please  see  the  IND  safety 
reports  and  erlotinib  Investigator’s  brochure. 

7.6  Concomitant  Medications  and  Therapy 

Information  on  concomitant  medications  will  be  collected  on  this  study.  Medications  for 
supportive  care  wiil  be  allowed  as  needed  to  treat  nausea,  pain,  fever,  rash,  diarrhea,  etc. 
Granulocyte  growth  factors  (GCSF  or  GMCSF)  wiil  not  be  given  routinely.  Although  this  drug 
rarely  causes  hematologic  toxicity,  these  agents  can  be  administered  only  in  the  presence  of 
febrile  neutropenia  (defined  as  ANC<1000  cells/pL  and  oral  temperature  >38.5°C)  or  grade  IV 
neutropenia  lasting  more  than  4  days.  Erythropoietin  can  be  administered  for  anemia  at  the 
discretion  of  the  treating  physician.  Commercial  suppliers  of  growth  factors  will  be  utilized.  The 
use  of  growth  factors  (GSCF,  GMCSF  and  erythropoietin)  will  be  according  to  ASCO  guidelines 
(Ozer  et  a).,  2000).  The  use  of  bisphosphanates  for  the  purposes  of  treating  bone  metastases 
can  be  administered  at  the  discretion  of  the  treating  physician. 

Other  chemotherapeutic  agents  or  investigational  medications  will  not  be  allowed. 

Systemic  steroids  are  discouraged  for  the  treatment  of  skin  toxicities.  Subjects  who  are  taking 
steroids  for  reasons  other  than  skin  toxicity  at  trial  entry  may  continue  treatment. 

Other  medication,  which  is  considered  necessary  for  the  subject’s  safety  and  well  being,  may  be 
given  at  the  discretion  of  the  investigator(s). 

There  are  potential  interactions  between  erlotinib  and  CYP3A4  inhibitors  and  CYP3A4 
promoters.  Although  caution  and  careful  monitoring  are  recommended  when  use  of  these 
compounds  are  necessary,  usage  does  not  exclude  subjects  from  participating  in  this  trial  (see 
Appendix  F  fora  list  of  CYP3A4  inhibitors). 

Because  of  the  potential  for  drug-drug  interaction  between  erlotinib  and  warfarin,  subjects  in  this 
study  who  are  receiving  concomitant  warfarin  therapy  will  have  INR  results  obtained  at 
screening  and  during  treatment  as  follows:  weekly  for  the  first  5  weeks  and  then  at  each  cycle. 
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If  surgery  is  considered  necessary  for  the  subject,  whenever  possible,  at  least  7  days  should 
elapse  after  the  last  dose  of  erlotinib  before  surgery  is  performed. 

If  radiation  therapy  is  considered  necessary  for  the  subject  at  any  point  during  this  study,  then 
this  will  be  considered  progressive  disease  and  the  subject  will  be  removed  from  the  study. 

For  additional  guidance  for  concomitant  medications,  please  refer  to  section  12. 

8.0  Investigational  Centers 

Patients  will  be  seen  and  enrolled  at  the  University  of  Texas  M.  D.  Anderson  Cancer  Center, 
Department  of  Thoracic/Head  and  Neck  Medical  Oncology  clinics,  Houston,  TX.  Additional  sites 
may  be  added  throughout  the  study, 

8.1  Investigator  Contact  Information 

Principal  Investigator: 

Waun  Ki  Hong,  MD 

University  of  Texas  M.D.  Anderson  Cancer  Center 

1515  Holcombe  Blvd.,  Unit  432 

Houston,  TX  77030 

Phone:  713-792-6363 

Fax:  713-796-8655 

e-mail:  whong@mdanderson.org 

Co-Principal  Investigator: 

Edward  Kim,  MD 

University  of  Texas  M.D.  Anderson  Cancer  Center 

1515  Holcombe  Blvd.,  Unit  432 

Houston,  TX  77030 

Phone:  713-792-6363 

Fax:  713-792-1220 

e-mail:  edkim@mdanderson.org 


9.0  Criteria  for  Discontinuation  of  Therapy 

Patients  will  be  removed  from  therapy  for  any  of  the  following  reasons: 

1 .  Dose  reduction  to  the  -3  level  (above) 

Pregnancy  or  planned  pregnancy 
Patient  requests  to  withdraw 
Unwilling  or  unable  to  comply  with  study  requirements 
identification  of  recurrent  or  new  cancer 

Unrelated  intercurrent  illness  that  will  affect  assessment  of  clinical  status  to  a  significant 
degree  as  determined  by  the  principal  investigator  or  the  treating  physician 
7.  The  treating  physician  or  investigator  must  discontinue  therapy  if  he/she  thinks  that  the 
patient's  health  or  well-being  is  threatened  by  continuation  of  therapy. 
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If  any  safety  parameters  show  a  clinically  significant  change  from  baseline  that  warrants  early 
termination  of  treatment,  the  patient  will  continue  with  the  scheduled  study-related  procedures. 
Appropriate  safety  monitoring  will  continue  until  the  patient  is  discharged  from  the  study. 

Patients  withdrawn  from  the  study  will  be  followed  until  resolution  of  toxicity.  The  reason  for  and 
date  of  the  discontinuation  will  be  obtained.  The  date  of  the  last  dose  of  study  medication  will 
also  be  obtained. 

10.0  Adverse  Events 

10.1  Assessment  of  Adverse  Event  Severity  &  Relationship  to  Treatment 
All  serious  adverse  events  (defined  below),  whether  or  not  deemed  drug -related  or  expected, 
must  be  reported  by  the  Principal  Investigator  or  designee  to  the  HSRRB  and/or  USAMRMC,' 
Human  Research  Protection  Office  within  24  hours  (one  working  day)  by  telephone.  A  written 
report  must  follow  as  soon  as  possible,  which  includes  a  full  description  of  the  event  and  any 
sequelae.  This  includes  serious  adverse  events  that  occur  any  time  after  the  inclusion  of  the 
subject  in  the  study  (defined  as  the  time  when  the  subject  signs  the  informed  consent)  up  to  30 
days  after  the  subject  completed  or  discontinued  the  study.  The  subject  is  considered 
completed  either  after  the  completion  of  the  last  visit  or  contact  (e.g.,  phone  contact  with  the 
Investigator  or  designee).  Discontinuation  is  the  date  a  subject  and/or  Investigator  determines 
that  the  subject  can  no  longer  comply  with  the  requirements  for  any  further  study  visits  or 
evaluations  (e.g,  the  subject  is  prematurely  discontinued  from  the  study).  An  adverse  event 
temporarily  related  to  participation  in  the  study  should  be  documented  whether  or  not 
considered  to  be  related  to  the  test  article.  This  definition  includes  intercurrent  illnesses  and 
injuries  and  exacerbations  of  preexisting  conditions. 

Include  the  following  in  all  safety  reports:  Subject  identification  number  and  initials;  associate 
investigator's  name  and  name  of  MTF;  subject’s  date  of  birth,  gender,  and  ethnicity;  test  article 
and  dates  of  administration;  signs/symptoms  and  severity;  date  of  onset;  date  of  resolution  or 
death;  relationship  to  the  study  drug;  action  taken;  concomitant  medication(s)  including  dose, 
route,  and  duration  of  treatment,  and  date  of  last  dose. 

A  serious  adverse  event  is  any  event  that  is:  fatal;  life-threatening  (life-threatening  is  defined  as 
the  patient  was  at  immediate  risk  of  death  from  the  adverse  event  as  it  occurred);  significantly  or 
permanently  disabling;  or  requires  in-patient  hospitalization, 

Important  medical  events  that  may  not  result  in  death,  be  life-threatening,  or  require 
hospitalization  may  be  considered  a  serious  adverse  drug  experience  when,  based  upon 
appropriate  medical  judgment,  they  may  jeopardize  the  patient  or  subject  and  may  require 
medical  or  surgical  intervention  to  prevent  one  of  the  outcomes  listed  in  this  definition.  In 
addition,  laboratory  value  changes  may  require  reporting. 

Reports  of  all  serious  adverse  events  must  be  communicated  to  the  appropriate  Institutional 
Review  Board  (iRB)  or  ethical  review  committee  and/or  reported  in  accordance  with  local  laws 
and  regulations. 

10.2  Procedures  for  Reporting  Serious  Adverse  Events 

Serious  and/or  unexpected  adverse  events  are  submitted  in  writing  to  the  M.D.  Anderson 
Cancer  Center  Institutional  Office  of  Protocol  Research  (OPR)  within  10  working  days  of  the 
adverse  experience  as  described  Appendix  G.  Unexpected  fatal  or  life-threatening  experiences 
are  phoned  immediately  to  the  Office  of  Protocol  Research  (713-792-2933).  A  follow  up  written 
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report  is  submitted  to  OPR  within  10  working  days.  The  form  for  communication  to  OPR  of  ail 
serious  adverse  events  is  appended  to  this  plan. 

Reports  of  all  serious  adverse  events  must  be  communicated  to  the  appropriate  Institutional 
Review  Board  (IR8)  or  ethical  review  committee  and/or  reported  in  accordance  with  local  laws 
and  regulations.  Adverse  experiences  that  are  both  serious  and  unexpected  will  be  immediately 
reported  by  telephone  to  the  USAMRMC,  Human  Research  Protection  Office  (301-619-2165) 
and  send  information  by  facsimile  to  301-619-7803.  A  written  report  will  follow  the  initial 
telephone  call  within  3  working  days.  Address  the  written  report  to  the  U.S.  Army  Medical 
Research  and  Material  Command,  ATTN:  MCMR-HRPO,  504  Scott  Street,  Fort  Detrick, 
Maryland  21702-5012. 

For  all  protocols  conducted  at  M.D.  Anderson  Cancer  Center,  the  Principal  Investigator  is 
responsible  for  submitting  adverse  event  reports  to  the  Institutional  IRB  and  DoD  on  an  ongoing 
basis.  Adverse  event  reports  are  submitted  to  the  Institutional  Office  of  Protocol  Research 
(OPR),  where  they  are  entered  into  PDMS  and  forwarded  to  the  designated  IRB  vice 
chairperson  for  review.  Attached  to  each  adverse  event  report  is  a  listing  of  alt  prior  adverse 
events  submitted  for  that  protocol.  Any  comments,  questions  or  changes  the  IRB  requests  to 
the  protocol  as  a  result  of  this  review  are  conveyed  to  the  principal  investigator.  The 
investigator  response  and  protocol  modification  process  is  monitored  by  the  IRB  vice¬ 
chairperson  and  OPR  support  staff.  The  vice  chairperson  presents  the  report  on  adverse  event 
review  to  the  full  committee  at  the  next  IRB  meeting. 

An  adverse  event  report  compilation  is  provided  once  annually  to  the  M.D.  Anderson  Cancer 
Center  IRB.  Comments,  questions  or  other  considerations  from  the  IRB  are  conveyed  to  the 
principal  investigator  for  evaluation,  discussion  and  implementation. 

For  all  protocols  conducted  at  M.D.  Anderson  Cancer  Center,  the  Principal  Investigator  is 
responsible  for  submitting  adverse  event  reports  to  the  Institutional  IRB  on  an  ongoing  basis. 
Adverse  event  reports  are  submitted  to  the  Institutional  Office  of  Protocol  Research  (OPR), 
where  they  are  entered  into  PDMS  and  forwarded  to  the  designated  IRB  vice  chairperson  for 
review.  Attached  to  each  adverse  event  report  is  a  listing  of  all  prior  adverse  events  submitted 
for  that  protocol.  Any  comments,  questions  or  changes  the  IRB  requests  to  the  protocol  as  a 
result  of  this  review  are  conveyed  to  the  principal  investigator.  The  investigator  response  and 
protocol  modification  process  is  monitored  by  the  IRB  vice-chairperson  and  OPR  support  staff. 
The  vice  chairperson  presents  the  report  on  adverse  event  review  to  the  full  committee  at  the 
next  IRB  meeting. 

An  adverse  event  report  compilation  is  provided  once  annually  to  the  M.D.  Anderson  Cancer 
Center  IRB.  Comments,  questions  or  other  considerations  from  the  IRB  are  conveyed  to  the 
principal  investigator  for  evaluation,  discussion  and  implementation, 

10.3  Reporting  of  Subject  Death 

The  death  of  any  subject  during  the  study  or  within  30  days  of  study  completion  (as  defined 
above),  regardless  of  the  cause,  must  be  reported  within  24  hours  by  telephone,  to  the  principal 
investigator  and/or  study  coordinator,  and  the  HSRRB  and/or  USAMRMC,  Human  Research 
Protection  Office.  A  full  written  report  must  follow  as  soon  as  possible.  If  an  autopsy  is 
performed,  the  report  must  be  provided  to  the  Sponsor. 
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Reports  of  all  serious  adverse  events,  including  deaths,  must  be  communicated  to  the 
appropriate  Institutional  Review  Board  or  ethical  review  committee  and/or  reported  in 
accordance  with  local  law  and  regulations. 

10.4  Known  Adverse  Events  Relating  to  the  Underlying  Clinical  Condition 
These  will  be  reported  on  the  chart  and  in  the  study  case  report  forms. 


11.0  Statistical  Considerations 

A  total  of  70  patients  will  be  recruited  in  this  trial  and  randomized  with  a  2.5:1  ratio  (via 
computerized  central  randomization)  into  active  (erlotinib  treatment)  or  the  no-treatment  control 
arm.  The  standard  practice  for  these  patients  after  definitive  therapy  is  follow-up  (no  treatment). 
Therefore,  it  is  ethical  to  randomize  patients  into  the  no-treatment  control  arm.  All  patients  will 
receive  comprehensive  risk  assessment  and  screenings  as  defined  in  the  Vanguard  Trial. 

The  primary  endpoint  of  the  study  is  histological  response.  Histological  response  is  based  on 
changes  in  baseline  to  12  month  assessment  of  biopsies  taken  during  bronchoscopy  at  six  sites 
(main  carina,  carinas  at  both  upper  lobe  orifices,  carina  at  right  middle  lobe  orifice,  carina 
between  RB  9  and  RB  10  and  carina  between  LB  9  and  LB10)  in  the  lung.  There  are  3  critiera 
for  establishing  a  response  based  upon  a  1-7  score  assigned  to  each  biopsy  including,  1}  the 
average  score  of  all  biopsies  decrease  by  1 ,  2)  the  percentage  of  biopsies  with  moderate 
dysplasia  or  worse  (score  5-8)  decreases  by  10%,  and  3)  the  worst  score  improves  by  1 .  A 
response  is  defined  as  an  improvement  in  at  least  2  of  the  3  criteria.  Progression  is  worsening 
in  2  or  more  of  the  3  criteria.  Otherwise,  the  histological  response  will  be  coded  as  no  change. 
The  proliferation  marker  Ki-67  will  be  used  as  a  secondary  endpoint  to  evaluate  the  efficacy  of 
the  biologic  treatment.  Other  mechanism-based  biomarkers  such  as  apoptotic  index  will  also  be 
analyzed. 

We  will  monitor  efficacy  and  toxicity  simultaneously  using  the  method  of  Bryant  and  Day 
(Biometrics  1995)  (56).  Efficacy  is  based  baseline  to  12-month  histological  response  as  defined 
above.  For  purposes  of  toxicity,  any  grade  2  or  higher  adverse  event  will  be  counted. 
Unacceptable  response  is  10%  and  a  30%  response  rate  would  be  considered  sufficiently  active 
to  warrant  further  study  of  this  regimen,  A  10%  and  40%  grade  II  toxicity  rate  are  considered 
acceptable  and  excessive,  respectively.  We  assume  one-sided  5%  type  I  error  rates  for  both 
efficacy  and  toxicity.  With  50  patients  treated  and  evaluated,  we  have  95%  power  to  detect 
clinically  meaningful  improvement  in  response  to  30%  at  12  months.  The  interim  analysis  will 
take  place  when  20  patients  have  been  treated  and  are  evaluable  for  response.  If  2  or  fewer 
responses  are  observed  in  the  first  20  patients  treated  with  acceptable  toxicity,  the  protocol  will 
stop  accrual  due  to  insufficient  activity.  Similarly,  if  7  or  more  patients  experience  a  grade  2  or 
higher  adverse  event  with  acceptable  response,  the  protocol  will  stop  accrual  due  to  excessive 
toxicity.  Otherwise,  the  protocol  will  continue  accrual  to  a  maximum  of  50  patients.  If  9  or  more 
patients  experience  a  response  and  36  patients  do  not  experience  a  grade  2  or  higher  adverse 
event  in  50  patients  treated  and  evaluated,  then  this  treatment  will  be  recommended  for  further 
clinical  evaluation. 

For  detecting  biomarker  modulation  on  a  continuous  variable  such  as  Ki-67,  the  paired-t  test  will 
be  performed  comparing  the  biomarker  values  before  and  after  treatment.  Transformations  (e.g. 
natural  log)  will  be  performed  if  necessary  to  meet  normality  assumptions  of  the  test.  With  50 
patients  receiving  the  biologic  treatment,  we  will  be  able  to  detect  an  effect  size  (expected  mean 


Protocol  2006-0946 
Revised  January  17,  2007 
Page  24 


difference  divided  by  the  standard  deviation  of  the  difference)  of  0.404  with  80%  power  and  two- 
sided  5%  type  I  error  rate. 

For  detecting  biomarker  modulation  on  a  dichotomous  variable,  McNemar's  test  will  be  used  to 
compare  the  status  of  a  biomarker  such  as  present/absence  or  high/low  before  and  after 
treatment.  Assume  that  p2i  and  p12  ace  the  probability  changing  from  absence  to  presence  and 
from  presence  to  absence  for  a  biomarker.  p2,  +  p12  are  the  proportion  of  discordant  pairs  pre- 
and  post-treatment.  Further,  p,,  +  p,2  is  the  proportion  of  concordant  pairs  (i.e.,  pn  = 
proportion  positive  pre-  and  post-treatment  and  P2:=proportion  negative  pre-  and  post- 
treatment).  With  50  patients  and  two-sided  5%  type  I  error  rate,  we  will  have  85%  power  detect 
a  25%  change  in  modulation  for  p21  =  0.05  and  p,2  =  0.30  and  94%  power  to  detect  a  30% 
change  for  p2,  =  0.05  and  p,2  =  0.35.  The  power  computations  are  shown  in  the  following  table. 


- 

Pi2 

Pi2  *  P21 

Power 

0.05 

0.30 

0,25 

85% 

0.10 

0.35 

0.25 

71% 

0.05 

0.35 

0.30 

94% 

0.10 

0.40 

0.30 

84% 

We  will  also  compare  the  treatment  efficacy  between  the  treatment  arm  and  the  control  arm.  We 
plan  to  treat  280  patients  in  four  sequentially  conducted  bioadjuvant  trials  (70  patients  each); 
each  trial  will  have  exactly  the  same  eligibility  criteria.  We  will  randomize  20  patients  into  the 
control  group  in  each  of  these  four  biologic-agent  trials.  We  expect  an  additional  70  patients  will 
choose  to  enroll  in  the  vanguard  (i.e.  observation  only)  part  of  the  umbrella  trial.  Therefore,  we 
will  have  20x4  +  70  ■  150  control  patients  in  the  vanguard  study  who  did  not  receive  any  active 
agents.  Control  patients  will  be  analyzed  to  test  for  any  trial-specific  difference  or  time  trend  and 
will  be  combined  if  no  difference  is  found  among  various  control  groups.  Power  calculations  for 
two-sample  t-test  was  performed  with  two-sided  5%  type  I  error  rate.  With  50  in  the  biologic 
treatment  arm  and  20  (only  control  patients  in  this  trial  is  used)  or  150  (aggregate  all  the  control 
patients  together)  in  the  control  arm,  we  will  have  80%  power  to  detect  standardized  effect  sizes 
of  0.76  and  0.46  for  continuous  outcomes,  respectively.  For  dichotomous  outcomes,  statistical 
power  for  detecting  various  differences  is  given  in  the  following  table.  With  20  in  the  control 
arm  and  50  in  the  active  arm,  we  will  have  80%  power  to  detect  a  difference  of  histological 
response  of  5%  and  35%,  respectively.  Similarly,  85%  of  power  can  be  achieved  if  the  response 
rates  are  10%  and  45%,  respectively.  If  we  combined  all  no-treatment  controls,  we  will  be  able 
to  detect  a  25%  difference  in  the  response  rate  with  at  least  92%  power  for  no-treatment 
response  rates  from  5%  to  20%. 


Ncontrol 

Pi  —  Pq 

PD 

0.05 

0.10 

0  20 

20 

0.30 

80% 

73% 

65% 

0.35 

91% 

85% 

79% 

150 

0.20 

99% 

94% 

78% 

0,25 

99% 

99% 

92% 

12.0  Concomitant  Medications 


>  All  concomitant  medications  will  be  recorded. 
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>  The  best  supportive  care  and  treatment  will  be  given  to  each  participant  {antibiotics, 
transfusions,  diet,  etc.) 

>  No  concurrent  investigational  agents  will  be  permitted. 

>  No  concurrent  antineoplastic  agents  or  hormonal  anticancer  therapy  will  be  permitted. 

>  No  concurrent  radiotherapy  will  be  permitted. 

>  Participants  taking  cyclooxygenase  inhibitors,  lipoxygenase  inhibitors,  NSAIDs  (except 
aspirin  at  <  81  mg  a  day),  and  steroids  will  be  encouraged  to  refrain  from  taking,  if 
possible,  while  on  study  and  at  least  4  weeks  prior  to  enrollment. 

>  Other  Concomitant  T reatment 

>  Systemic  retinoids  and  herbal  medicines  or  remedies  (including  green  tea)  must  be 
discontinued  before  entry  into  the  trial  and  are  not  allowed  during  the  trial.  Patients  may 
not  be  taking  high-dose  vitamin  A  within  30  days  of  study  entry. 

>  Other  medication,  which  is  considered  necessary  for  the  participant's  safety  and  well 
being,  may  be  given  at  the  discretion  of  the  investigators). 


13.0  Methods  for  Biomarker  Analysis 

All  samples  will  be  processed  and  stored  via  the  pathology  department.  Then,  the  samples  will 
be  distributed  to  specific  investigators  for  studies  including  biomarkers  of  apoptosis  and  cell 
proliferation,  gene  expression  profiling,  genomics,  proteomics,  and  other  specified  biomarkers  of 
intermediate  response. 


14.0  Study  Administration  and  Investigator  Obligations 

14.1  Replacement  of  Subjects 

Participants  who  withdraw  from  the  study  prior  to  completion  of  the  study  treatments  for  reasons 
other  than  serious  adverse  events,  unacceptable  toxicity  or  progressive  disease  will  be  defined 
as  dropouts  and  will  be  replaced.  Replacement  participants  will  be  assigned  the  next  sequential 
number. 

14.2  Protocol  Compliance 

The  attending  physician  and  oncology  research  nurse  will  evaluate  each  participant  at  the  initial 
clinic  visit  to  determine  whether  the  participant  qualifies  for  the  study  and  at  each  clinic  visit 
thereafter  to  determine  readiness  for  bronchoscopic  procedures.  All  required  interim  and 
pretreatment  data  will  be  available  to  them  for  evaluation. 

14.3  Institutional  Review  Board 

This  study  must  have  the  approval  of  a  properly  constituted  Hospital  Ethics  Committee, 

Regional  Ethics  Committee,  or  other  Institutional  Review  Board  (IRB). 

The  investigator  must  also  report  all  serious  and  medically  significant  adverse  events  to  the  IRB 
or  Ethics  Committee,  NCI,  sponsor,  as  well  as  the  USAMRMC,  Human  Research  Protection 
Office  (see  section  9,1). 

14.4  Informed  Consent 

All  study  participants  must  sign  and  date  an  informed  consent  form  prior  to  study  participation. 
The  investigator  will  be  responsible  for  designing  the  consent  form  using  appropriate  National  or 
Regional  Guidelines  (equivalent  to  the  American  Federal  Guidelines  Federal  Register  July  27, 
1981,  or  21  CRF  Part  50,  or  International  Committee  on  Harmonization-Good  Clinical  Practice). 
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The  informed  consent  form  must  be  approved  by  the  IRB  or  Ethics  Committee.  State  and  local 
taws,  and/or  institutional  requirements  may  require  the  disclosure  of  additional  information  on 
the  informed  consent  form.  For  a  detailed  description  of  the  UTMDACC  Research  Informed 
Consent  Process  please  refer  to  Appendix  J. 


A  copy  of  the  informed  consent  form  will  be  given  to  the  participant.  The  investigator  will  keep 
each  participant’s  signed  informed  consent  form  on  file  for  inspection  by  a  regulatory  authority  at 
any  time. 

14.5  Record  Retention 

>  The  investigator  and  other  appropriate  study  staff  will  be  responsible  for  maintaining  all 
documentation  relevant  to  the  study.  Such  documentation  includes: 

>  Case  Report  Forms — must  be  legible,  accurate,  and  up-to-date. 

>  Copies  of  all  Serious  AE  reporting  forms  faxed  to  the  USAMRMC,  Human  Research 
Protection  Office. 

>  Participant  Files — should  substantiate  the  data  entered  in  the  CRFs  with  regard  to 
laboratory  data,  participant  histories,  treatment  regimens,  etc. 

5-  Participant  Exclusion  Log — should  record  the  reason  any  participant  was  screened  for 
the  study  and  found  to  be  ineligible. 

>  Drug  Dispensing  Log— should  record  the  total  amount  of  study  drug  received  and 
returned  to  supporter  providing  the  study  drug,  and  the  amount  distributed  and  returned 
or  destroyed.  This  information  must  agree  with  the  information  entered  in  the  CRFs. 

>  Informed  Consent  Forms — completed  consent  forms  from  each  participant  must  be 
available  and  verified  for  proper  documentation. 

>  Informed  Consent  Log — must  identify  all  participants  who  signed  an  Informed  Consent 
Form  so  that  the  participants  can  be  identified  by  audit. 

The  Investigator  must  keep  on  file  protocols,  amendments,  IRB  approvals,  all  copies  of  Form 
FDA  1572,  all  correspondence,  and  any  other  documents  pertaining  to  the  conduct  of  the  study 
for  a  minimum  of  two  (2)  years  after  notification  by  USAMRMC,  Human  Research  Protection 
Office  of  either  FDA  approval  or  discontinuation  of  the  IND. 

14.6  Case  Report  Forms 

Data  recorded  on  Case  Report  Forms  (CRFs)  must  be  legible  and  complete.  CRFs  will  be 
completed  on  a  timely  basis.  The  individual  making  the  correction  on  the  CRF  must  initial  and 
date  the  correction.  The  investigator  must  review  all  final  and  corrected  CRFs.  Corrected 
copies  of  CRFs  will  be  filed  with  the  corresponding  original. 

If  a  subject's  medical  record  is  needed,  it  will  be  requested  by  the  Principal  Investigator  or  Co- 
Principal  Investigator.  The  requesting  investigator  (i.e.,  either  the  PI  or  co-PI)  will  assume 
responsibility  for  medical  record  abstraction,  which  will  be  performed  by  an  oncology  research 
nurse  and  the  PI  or  co-PI.  The  PI  and  co-PI  are  medical  oncologists. 

14.7  Study  Monitoring 

Study  Investigators  and  appointed  research  Study  Investigators  and  appointed  research  staff 
will  oversee  the  study  conduct  to  assure  satisfactory  enrollment  rate,  data  recording,  and 
protocol  adherence  at  MDACC  as  well  as  participating  sites.  The  investigator  and  staff  are 
expected  to  cooperate  and  provide  all  relevant  study  documentation  in  detail  at  each  site  visit  on 
request  for  review. 
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The  medical  monitor  will  review  all  serious  and  unexpected  adverse  events  associated  with  this 
protocol  and  provide  an  unbiased  written  report  of  the  event  within  ten  (10)  calendar  days  of  the 
initial  report,  The  medical  monitor  should  be  a  qualified  physician,  other  than  the  principal 
investigator,  not  associated  with  the  protocol,  able  to  provide  medical  care  for  research 
volunteers  for  conditions  that  may  arise  during  the  conduct  of  the  study,  and  who  will  monitor 
the  volunteers  during  the  conduct  of  the  study.  The  medical  monitor  is  required  to  review  all 
serious  and  unexpected  adverse  events  (per  iCH  definitions)  associated  with  the  protocol  and 
provide  an  unbiased  written  report  of  the  initial  report.  At  a  minimum  the  medical  monitor  should 
comment  on  the  outcomes  of  the  adverse  event  (AE)  and  relationship  of  the  AE  to  the  test 
article.  The  medical  monitor  should  also  indicate  whether  he/she  concurs  with  the  details  of  the 
report  provided  by  the  study  investigator.  Reports  for  events  determined  by  either  the 
investigator  or  medical  monitor  to  be  possibly  or  definitely  related  to  participation  and  reports  of 
events  resulting  in  death  should  be  promptly  forwarded  to  the  HSRRB. 

The  medical  monitor  for  this  study  will  be  Aman  U.  Buzdar.  MD: 

Annan  U.  Buzdar,  M.D. 

University  of  Texas  M.D,  Anderson  Cancer  Center 

Department  of  Breast  Medical  Oncology 

1515  Holcombe  Blvd.  -424 

Houston,  Texas  77030  USA 

Phone:  713-792-2817 

Fax:  (713)  794-4385 

email:  abuzdar@mdanderson.org 

The  medical  monitor  will  forward  reports  to  the  U.S.  Army  Research  and  Material  Command, 
ATTN:  MCMR-HRPO,  504  Scott  Street,  Fort  Detrick,  Maryland,  21702-5012. 

14.8  Termination  of  Study 

The  HSRRB  and/or  USAMRMC,  Human  Research  Protection  Office  and  M.  D.  Anderson  will 
retain  the  right  to  terminate  the  study  and  remove  all  study  materials  from  the  study  site  at  any 
time.  Specific  instances  that  may  precipitate  such  termination  are  as  follows: 

>  Unsatisfactory  participant  enrollment  with  regard  to  quality  or  quantity 

>  Deviation  from  protocol  requirements,  without  prior  approval  from  HSRRB  and  M,  D. 
Anderson. 

>  Inaccurate  and/or  incomplete  data  recording  on  a  recurrent  basis 

>  The  incidence  and/or  severity  of  adverse  drug  events  in  this  or  other  studies  indicating  a 
potential  health  hazard  caused  by  the  treatment 

14.9  Study  Amendments 

The  investigator  will  only  alter  the  protocol  to  eliminate  apparent  immediate  hazards  to  the 
participant.  If  preliminary  or  interim  statistical  analysis  indicated  that  the  experimental  design, 
dosages  parameters,  or  selection  of  participants  should  be  modified,  these  changes  will  be 
described  in  an  amendment  to  be  approved  by  the  institution's  and  other  appropriate  review 
committees  after  consultation  with  the  statistician  and  Study  Chairman.  Any  amendments 
cannot  be  enacted  unless  approved  by  the  HSRRB  and/or  USAMRMC,  Human  Research 
Protection  Office.  All  revisions  made  to  protocols  previously  approved  by  the  IRB  will  be 
submitted  to  the  IRB  for  approval  prior  to  implementation  of  the  revision.  If  the  IRB  decides  to 
disapprove  a  research  activity,  it  shall  included  in  its  written  notification  a  statement  of  the 
reasons  for  its  decision  and  give  the  investigator  an  opportunity  to  respond  in  person  or  in 
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writing.  No  changes  to  the  protocol  will  be  Initiated  unless  also  approved  by  the  Human 
Subjects  Research  Review  Board. 

14.10  Protocol  Deviations  and  Violations 

In  the  event  of  a  protocol  deviation  and/or  violation,  the  principal  investigator  will  notify  the 
Institutional  Review  Board,  U.S.  Army  Medical  Research  and  Materiel  Command,  Human 
Subjects  Research  Review  Board  (HSRRB),  M.D.  Anderson,  and  the  study  Medical  Monitor 
(Aman  U.  Buzdar,  M.D.).  This  notification  will  occur  as  soon  as  the  deviation  is  identified  and 
will  be  included  in  the  annual  review  and  final  study  report.  For  a  detailed  description  of  the 
procedure  for  submission  of  protocol  deviations  and  violations  refer  to  Appendix  K, 

14.11  Ethical  and  Legal  Considerations 

This  study  will  undergo  full  approval  in  accordance  with  the  human  surveillance  requirements  of 
each  institution.  Blood  samples  will  be  obtained  for  the  evaluations  as  described  in  the  protocol. 
Tissue  samples  obtained  at  the  time  of  prior  surgeries  will  be  reviewed  before  participant 
enrollment  to  confirm  the  participant's  diagnosis,  Measures  will  be  taken  to  ensure 
confidentiality  of  participant  information.  Tissue  samples  will  be  collected  prospectively  during 
the  trial.  Data  collected  on  paper  forms  will  be  stored  in  locked  file  cabinets  with  restricted 
access.  Data  collected  on  electronic  media  will  be  stored  in  computer  files  with  restricted 
password  access  limited  to  the  principal  investigator  and  study  coordinators.  All  staff  members 
in  the  study  will  be  informed  prior  to  employment  and  at  regular  intervals  of  the  necessity  for 
keeping  all  data  confidential.  Computers  will  not  be  accessible  to  the  public  and  will  be  located 
in  locked  offices.  Subjects  will  be  assigned  a  separate  study  number  to  protect  subject 
identification.  No  patient  identifiers  will  be  used  in  any  publications  of  this  research.  Data  will 
be  maintained  indefinitely.  When  the  time  comes  to  dispose  of  the  data,  all  database  files  will 
be  deleted,  patient  identifiers  will  be  removed  from  all  paper  forms  and  documents  will  be 
shredded. 

14.12  Risks/Benefits 

Participants  will  benefit  from  the  educational  information  provided,  including  counseling  on 
alcohol  and  smoking  cessation,  from  the  regular  follow-up  procedures  required,  and  from  the 
blood  analyses  (i.e„  electrolytes,  liver  function  tests,  complete  blood  count,  and  platelet  count), 
Participants  will  also  benefit  from  the  close  comprehensive  foliow-up  after  their  surgery  including 
additional  imaging  tests.  Participants  may  benefit  from  development  of  a  risk  model  and 
adjuvant  therapy  with  biologic  compounds. 

Participants  will  undergo  several  invasive  procedures  (bronchoscopies)  which  do  have 
associated  risks.  These  risks  will  be  explained  completely  prior  to  consenting  of  the  participant. 
The  following  table  summarizes  risks  associated  with  this  study  and  the  steps  that  will  be  taken 
to  minimize  these  risks: _ 


Procedure 

Risks 

Measures  to  Minimize  Risks 

Complete  History  and 
Physical  Exam, 
Including  blood 
chemistries  and 
Pregnancy  test 

Identification  of 
previously  unknown 
condition 

Qualified  Health  Care  provider  to  evaluate 
potential  subject. 

Venipuncture 

Pain,  bleeding,  clotting, 
bruising  at  the  injection 

Included  in  consent  form. 

Protocol  2006-0946 
Revised  January  17,  2007 
Page  29 


site,  and  rarely 
infection. 

Qualified  health  care  worker  with  experience 
in  phlebotomy. 

Erlotinib  (Tarceva®) 

Rash,  diarrhea,  fatigue, 

nausea,  vomiting, 
abdominal  pain, 
headache,  stomatitis, 
anorexia,  alopecia, 
pm  ritis,  myalgias,  bone 
pain,  cough  dyspnea, 
elevated  liver  enzymes, 
interstitial  lung  dz, 
ocular  changes. 

Close  monitoring  of  participant  by  qualified 
staff. 

Dose  of  erlotinib  may  be  reduced  and/or 
stopped  in  the  event  of  toxic  side  effects 

Experienced  clinical  research  center  with  well 
qualified  staff  familiar  with  this  patient 
population. 

Warfarin  drug 
interactions 

Other  Drug  interactions 
which  may  require 
dosage  adjustments 
(e.g.  azoie  antifungals, 
barbituates  etc). 

INR  results  obtained  at  screening  and  during 
treatment  for  subjects  receiving  warfarin 

Caution  advised  in 
combination  with 
NSAIDS  due  to  risk  of 

Gl  bleed 

Included  in  consent  form 

Contraindicated  in 
subjects  with 
hypersensitivity  to 
components/drug  or 
class 

Unanticipated  risks 

Reporting  and  monitoring  mechanism  in  place 
for  SAE/AE  or  Unanticipated  problems 

Bronchoscopy  with 

bronchoalveolar 
lavage,  bronchial 
washings,  bronchial 
brushings,  and 
bronchial  biopsies 

Pain,  irritation,  minor 

sore  throat,  mild  fever, 
coughing,  bleeding, 
pneumothorax. 

May  cause  breathing 
problems  similar  to 
asthma;  Bronchitis, 
Pneumonia 

Sedatives  given  during 
procedure  can 

Risks  fully  addressed  in  protocol  and  ICF. 

Establish  adequate  pre-procedure  bleeding 
parameters 

Use  of  conscious  sedation  and  topical 
anesthesia  to  minimize  discomfort  and  cough. 

Well  trained  well  qualify  medical  professionals 
and  rescue  meds  at  beside. 

Pre-sedation  assessment  to  identify  particular 
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decrease  breathing 
function  and/or  level  of 
oxygen  in  blood. 

risk  factors 

May  have  allergic 
reaction  to  sedatives  or 
anesthetics. 

Monitoring  of  level  of  consciousness, 
cardiovascular  and  gas  exchange  parameters 
during  procedure  and  recovery. 

Increase  risk  of 
bleeding  in  participants 
on  warfarin.  Also  in 
subjects  who  may  be 
on  other  anti¬ 
coagulants  or  ASA. 

Advise  patients  of  discontinuation  of 
anticoagulants  for  an  adequate  period  of  time 
prior  to  the  procedure 

CT-guided  Core 

Tumor  Biopsy 

Pain,  Discomfort 
Bleeding  and  rarely 
infection. 

Coughing 

Collapsed  lung 
(pneumothorax) 

Risks  fully  addressed  in  protocol  and  IGF. 

Establish  adequate  pre-procedure  bleeding 
parameters 

Use  of  conscious  sedation  and  topical 
anesthesia  to  minimize  discomfort  and  cough. 

Sedatives  given  during 
procedure  can 
decrease  breathing 
function  and/or  level  of 
oxygen  in  blood. 

Weil  trained  well  qualify  medical  professionals 
and  rescue  meds  at  beside. 

Pre-sedation  assessment  to  identify  particular 
risk  factors 

May  have  allergic 
reaction  to  sedatives  or 
anesthetics 

Monitoring  of  level  of  consciousness, 
cardiovascular  and  gas  exchange  parameters 
during  procedure  and  recovery. 

Increase  risk  of 
bleeding  in  participants 
on  warfarin.  Also  in 
subjects  who  may  be 
on  other  anti¬ 
coagulants  or  ASA. 

Advise  patients  of  discontinuation  of 
anticoagulants  for  an  adequate  period  of  time  i 
prior  to  the  procedure 

Buccal  sample 

Pain 

Discomfort 

Irritation 

Bleeding 

Brushings  on  inner  cheek  performed  lightly 
while  patient  is  under  conscious  sedation 

Laryngoscopy 

Discomfort 

Gagging 

Reaction  to  topical 
anesthesia 

Topical  anesthesia  will  be  used  to  reduce 
discomfort  and  gagging 

Exams  will  be  performed  by  experienced 
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Nasal  irritation 

Nasal  bleeding 

personnel 

X-rays,  and  CT  or 

MRI  scans 

Radiation  exposure 

These  diagnostic  tests  are  medically 
necessary  to  monitor  the  patient;  however, 
however,  low  risk  of  radiation  exposure  as 
part  of  participation  in  the  study. 

Collection  of  data 

Breach  of  Patient 

privacy  and 
confidentiality 

Patient  assigned  unique  code 

Restricted  access  to  research  records 

Investigators  trained  in  Human  Subjects 
Protection 

Participants  will  not  be  financially  responsible  for  any  study-related  tests  outside  of  accepted 
standard  of  care  follow-up. 

14.13  Gender  and  Minority  Inclusion 

Women  and  minorities  will  be  actively  recruited  to  participate  in  the  Vanguard  trial.  However, 
since  oniy  42%  of  lung  cancer  participants  and  22%  of  laryngeal  cancer  participants  are  female, 
we  expect  to  have  more  male  than  female  subjects  on  the  study.  We  expect  that  the  ethnic 
distribution  of  the  enrolled  participants  will  reflect  the  local  ethnic  mixture  of  each  institution's 
surrounding  community. 

14.14  Subject  Records 

HSRRB  and/or  USAMRMC,  Human  Research  Protection  Office,  M.D.  Anderson  or  their 
representatives  may  have  access  to  subject  records  as  a  part  of  their  responsibility  to  protect 
human  subjects  in  research, 

14.15  Publication  Statement 

Data  will  be  reviewed  by  the  collaborating  biostatistician  prior  to  publication.  HSRRB  and/or 
USAMRMC,  Human  Research  Protection  Office  will  have  30  days  to  review  all  definitive 
publications,  such  as  manuscripts  and  book  chapters,  and  a  minimum  of  10-15  days  to  review 
all  abstracts. 
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Appendix  -  a. 

Appendix  Subtitle:  Carcinoma  In  Situ  Pathway 

There  is  no  standard  approach  to  the  management  of  CIS  at  present. 

Approaches  have  ranged  from  surgical  resection  to  dose  followup.  CIS  may  be  found 
at  the  edge  of  an  invasive  carcinoma  or  may  occur  as  a  small  isolated  focus  of  a  few 
epithelial  cells  that  would  be  completely  removed  by  a  biopsy.  The  major  safety  issue 
related  to  CIS  is  that  an  invasive  carcinoma  may  exist  in  an  adjacent  area  that  the 
biopsy  did  not  sample.  CIS  is  a  rare  lesion  and  it  is  not  likely  that  enough  CIS  lesions 
will  be  found  in  the  study  for  statistical  analysis  of  response  to  the  chemo preventive 
agents. 

As  there  are  a  wide  range  of  approaches  to  the  treatment  of  CIS  and  as  this  is 
dependent  on  the  bronchoscopic  appearance  of  the  lesion,  we  believe  that  the  final 
decision  regarding  therapy,  if  any,  should  be  left  to  the  bronchoscopist  and  primary 
physician. 

If  a  CIS  lesion  is  found  on  a  bronchoscopy  at  baseline,  we  would  recommend: 

1 }  Follow-up  bronchoscopy  within  one  month  with  repeat  inspection  of  the  area  of 
the  CIS  and  multiple  biopsies  to  insure  that  an  invasive  carcinoma  was  not  missed. 

2)  A  CT  scan  with  attention  to  the  area  of  the  CIS  lesion, 
if  there  is  question  of  invasive  carcinoma  on  either  follow  up  bronchoscopy  or  CT, 
then  the  participant  should  be  managed  directly  according  to  the  preferences  of  the 
participant  and  primary  physician. 

If  no  CIS  lesion  is  found  on  the  repeat  bronchoscopy,  then  the  participant  is  to  be 
continued  on  study. 

If  a  persistent  CIS  lesion  is  found  on  repeat  bronchoscopy,  then  the  management 
should  be  directed  as  follows: 

1)  Repeat  bronchoscopy  in  1  month. 

If  CIS  present,  definitive  treatment  of  lesion.  Patient  continues  to  remain  on  study. 
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Appendix  *B. 

Ap  pond  lx  Subtitle: 


Protocol  Checklist 

This  information  Is  being  collected  for  internal  use  and  for  M.D,  Anderson  (MDACC)  to  provide  required 
summary  reports  to  the  National  Cancer  Institute  (NCI)  on  clinical  protocol  development. 

What  is  the  type  of  study? 

O  Phase  I  O  Observational 

•  Phase  11  or  Phase  I/ll  O  Behavioral 
O  Phase  III  O  Other 

0  Laboratory 

CCSG  Program 

Which  Cancer  Center  Support  Grant  (CCSG)  -  NCI  Core  Grant  Program  does  this 
protocol  relate  to? 

Lung  Cancer 

Who  initiated  this  protocol? 


•  MDACC  Investigator 
0  NCI/NIH 
O  Industry 

Role  of  MDACC  Principal  Investigator  (Check  all  that  apply) 

E  Major  role  in  writing  the  protocol 
E  Assisted  in  design  of  the  study 

El  Study  Principal  Investigator  (including  anticipated  first-author) 

□  Study  Co-Principal  Investigator  (including  anticipated  co-author) 

□  Participation  only  (justification  for  M.D,  Anderson  participation  only  is  required) 

□  Other 

Administrative  Department 

Thoracic  /  Head  &  Neck  Medical  Oncology 

Preclinlcal  Drug  Development 

Was  preclinical  work  to  develop  the  therapy  or  methodology  being  tested  in  this 
protocol  performed  at  UTMDACC  or  by  UTMDACC  faculty? 

O  Yes  •  No 
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Protocol  Design  and  Biostatistics 

Did  you  participate  in  the  design  of  this  study? 

•  Yes  -  Completely 
O  Yes  -  Partially 

O  No  -  Sponsor  Designed 
O  No  prospective  statistical  design  in  this  trial 

Did  an  MDACC  Biostatistician  participate  in  the  design  of  this  study? 

•  Yes  --  Completely 
O  Yes  -  Partially 

O  No  --  Sponsor  provided  biostatistical  design 
O  No  prospective  statistical  design  in  this  trial 

Financial  Support  and  Use  of  the  CTRC 

How  is  the  proposed  trial  to  be  financially  supported? 

Type  of  Funding: 

□  NCI 

□  NIH  {other  than  NCI) 

El  DOD 

□  Other  peer  reviewed  funding  (e.g.  NSF  or  ACS  etc,) 
fed  Industry 

□  Departmental  Funds 

□  Donor  Funds 

□  Unfunded 

□  Not  known  at  this  time 

□  Other: 

Source  of  Aoent/Device: 

□  NCI 

□  NIH  (other than  NCI) 

□  DOD 

El  Industry 

□  Departmental  Funds 

□  Commercially  available 

□  Not  known  at  this  time 

□  Other: 

List  any  device(s)  which  will  be  used  (if  applicable): 

Use  of  the  CTRC 


Will  the  Clinical  and  Translational  Research  Center  be  used  in  this  study? 
O  Yes  •  No 
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Laboratory  Data 

Will  a  UTMDACC  investigator  perform  pharmacologic,  molecular  or  other  laboratory 
studies  on  patient  specimens? 

•  Yes  O  No 

What  type  of  tissues  will  be  used? 

ESI  Blood 
E  Tumor 

□  Normal 

What  is  the  type  of  study? 
fl  Pharmacology  and/or  pharmacokinetics 

□  Molecular  and/or  pharmacodynamics 
S  Other 

Please  Describe: 

Genetic,  biomarker  studies 

Biological  Markers 

Are  Biological  Markers  being  evaluated  in  this  trial? 

•  Yes  O  No 

The  markers)  are  being  evaluated  in  {check  all  that  apply): 

El  Blood 
^  Tumor  Tissue 

□  Normal  Tissue 

□  Urine 

□  Other 

The  markers)  are  being  evaluated  to  predict  (check  all  that  apply): 

H  Response  or  resistance  to  treatment  in  the  trial 
0  Time  to  disease  progression 
E  Duration  of  overall  survival 

□  Development  of  cancer  in  an  individual  without  cancer  and  no  previously  defined  heightened  risk 

□  Development  of  cancer  in  an  individual  without  cancer  and  a  previously  defined  heightened  risk 
(e.g.  pre-cancerous  condition  family  history  genetic  abnormality) 

□  Other: 

Will  the  markers)  being  evaluated  be  used  to  modify  treatment  during  the  conduct  of  this  trial? 

O  Yes  •  No 

Additional  Information 
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Enter  any  additional  information  here. 


Protocol  2006-0946 
November  1 , 2006 
App.  C-  Page  1 


Appendix  -C. 

Appendix  Subtitle: 


ZUBRQD’S  PERFORMANCE  STATUS  SCALE 


Grade 

Scale 

0 

Fully  active,  able  to  carry  on  all  pre-disease  performance  without  restriction. 

1 

Ambulatory,  capable  of  light  or  sedentary  work.  Restricted  in  physically 
strenuous  activity. 

2 

Ambulatory,  capable  of  all  self-care,  but  not  of  work  activities;  up  and  about 
more  than  50%  of  waking  hours. 

3 

Capable  of  only  limited  self-care;  confined  to  bed  or  chair  more  than  50%  of 
waking  hours. 

4 

Completely  disabled.  Cannot  carry  on  any  self-care.  Totally  confined  to  bed 
or  chair. 
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Appendix  >D. 

Appendix  Subtitle:  Histology  Grading  System 


SCORE 

HISTOLOGY 

1 

Normal 

2 

Reserve  cell  hyperplasia 

3 

Metaplasia 

4 

Mild  dysplasia 

5 

Moderate  dysplasia 

6 

Severe  Dysplasia 

7 

Carcinoma  in  situ 

8 

Invasive  cancer 

Scoring  System  for  Response 

1)  The  average  score  of  all  biopsies  (decrease  by  1) 

2)  The  percentage  of  biopsies  with  moderate  dysplasia  or  worse  (10% 
decrease) 

3)  The  worst  score  (decrease  by  1 ) 

Response:  Improvement  in  2  of  3  criteria 

No  change:  No  change  in  2  of  3  criteria 

Improvement  in  2  of  3  criteria  with  1  worse 
Worsening  in  2  of  3  criteria 


Progression: 
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Appendix  -  E. 

Appendix  Subtitle:  Study  Activities 
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Srudy  Activities  forPatfcnh  Assigned  to  No  Tientmtnt  Ann 
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Appendix  -F. 


Appendix  Su  bill!#:  CYP3A4  Index  of  interactions 


CYP3A4  substrates:  potential  drug -drug  interaction 


Alprazolam 

buspirone 

carbamazepine 

cyclosporine 

erythromycin 

felodlpine 

HIV  protease  inhibitors 

lovastatin  (not  pravastatin) 

nifedipine 

quinidine 

simvastatin 

terfenadine 


astemizole 

calcium  channel  blockers 

cisapride 

doxorubicin 

etoposide 

fentanyl 

ifosphamide 

midazolam 

pimozide 

quinine 

tacrolimus 

triazolam 


CYP3A4  inhibitors:  can  increase  concentration  of  co-ad ministered  drug 


=>  potentially  leading  to  toxicities 


cimetldine 

danazot 

fluconazole  (large  doses) 

HIV  protease  inhibitors 

ketoconazoie 

miconazole 

omeprazole 

ritonavir 


cyclosporine 
diltiazem 
grapefruit  juice 
itraconazole 

macrolides  (not  azithromycin) 

nefazadone 

quinidine 

verapamil 


CYP3A4  inducers:  can  decrease  concentration  of  Co-administered  drug 
»>  potentially  decrease  efficacy 
carbamazepine 
rifabutin 
rifampin 
ritonavir 
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Appendix  -G, 
Appendix  Subtitle: 


IRB  Approval 
Date:  12/17/2003 


SUBMITTING  INTERNAL  AND  EXTERNAL  ADVERSE  EVENTS  TO  THE  MDACC 
INSTITUTIONAL  REVIEW  BOARD 


45  CFR  §  46.109(e)  An  IRB  shall  conduct  continuing  review  of  research  covered  by  this 
policy  at  intervals  appropriate  to  the  degree  of  risk,  but  not  less  than  once  per  year,  and 
shall  have  authority  to  observe  or  have  a  third  party  observe  the  consent  process  and 
the  research. 

45  CFR  §  46.111(6)  When  appropriate,  the  research  plan  makes  adequate  provision  for 
monitoring  the  data  collected  to  ensure  the  safety  of  subjects. 

21  CFR  §  56.108(a)  Follow  written  procedures:  (1)  For  conducting  its  initial  and 
continuing  review  of  research  and  for  reporting  its  findings  and  actions  to  the 
investigator  and  the  institution;  (2)  for  determining  which  projects  require  review  more 
often  than  annually  and  which  projects  need  verification  from  sources  other  than  the 
investigator  that  no  material  changes  have  occurred  since  previous  IRB  review;  (3)  for 
ensuring  prompt  reporting  to  the  tRB  of  changes  in  research  activity;  and  (4)  for 
ensuring  that  changes  in  approved  research,  during  the  period  for  which  IRB  approval 
has  already  been  given,  may  not  be  initiated  without  IRB  review  and  approval  except 
where  necessary  to  eliminate  apparent  immediate  hazards  to  the  human  subjects,  (b) 
Follow  written  procedures  for  ensuring  prompt  reporting  to  the  IRB,  appropriate 
institutional  officials,  and  the  Food  and  Drug  Administration  of:  (1)  Any  unanticipated 
problems  involving  risks  to  human  subjects  or  others. 

21  CFR  §  56.111(6)  Where  appropriate,  the  research  plan  makes  adequate  provision 
for  monitoring  the  data  collected  to  ensure  the  safety  of  subjects. 

21  CFR  §312.32 

Serious  Adverse  Experience  (SAE)  -Any  adverse  drug  experience  occurring  at  any 
dose  that  results  in  any  of  the  following  outcomes: 

#  Death 

•  A  life-threatening  adverse  drug  experience  -  any  adverse  experience  that  places  the 
patient,  in  the  view  of  the  initial  reporter,  at  immediate  risk  of  death  from  the  adverse 
experience  as  it  occurred.  It  does  not  include  an  adverse  experience  that,  had  it 
occurred  in  a  more  severe  form,  might  have  caused  death. 
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•  Inpatient  hospitalization  or  prolongation  of  existing  hospitalization 

•  A  persistent  or  significant  disability/incapacity  —  a  substantial  disruption  of  a  person  s 
ability  to  conduct  normal  life  functions. 

•  A  congenital  anomaly/birth  defect. 

Important  medical  events  that  may  not  result  in  death,  be  life-threatening, 
or  require  hospitalization  may  be  considered  a  serious  adverse  drug 
experience  when,  based  upon  appropriate  medical  judgment,  they  may 
jeopardize  the  patient  or  subject  and  may  require  medical  or  surgical 
intervention  to  prevent  one  of  the  outcomes  listed  in  this  definition. 

Examples  of  such  medical  events  include  allergic  bronchospasm  requiring 
intensive  treatment  in  an  emergency  room  or  at  home,  blood  dyscrasias 
or  convulsions  that  do  not  result  in  inpatient  hospitalization,  or  the 
development  of  drug  dependency  or  drug  abuse. 

Unexpected  Adverse  Drug  Experience  -  Any  adverse  drug  experience, 
the  specificity  or  severity  of  which  is  not  consistent  with  the  current 
investigator  brochure;  or,  if  an  investigator  brochure  is  not  required  or 
available,  the  specificity  or  severity  of  which  is  not  consistent  with  the  risk 
information  described  in  the  general  investigational  plan  or  elsewhere  in 
the  current  application,  as  amended.  Unexpected,  as  used  in  this 
definition,  refers  to  an  adverse  drug  experience  that  has  not  been 
previously  observed  (e.g.,  included  in  the  Investigator  brochure)  rather 
than  from  the  perspective  of  such  experience  not  being  anticipated  from 
the  pharmacological  properties  of  the  pharmaceutical  product. 


MDA  Policy:  The  IRB  requires  that  Principal  Investigators  (PI)  promptly  report 
adverse  events.  The  PI  is  responsible  for  determining  attribution  for  both  internal 
as  well  as  external  adverse  events.  The  IRB  will  review  protocol  safety 
information  in  the  informed  consent  document  and  request  modifications  on  a 
continuous  basis  throughout  the  year  during  the  review  of  adverse  events.  This 
policy  should  be  utilized  for  both  commercial  and  investigational  drugs. 

•  All  clinical  protocols  should  Include  a  list  of  the  expected  and  anticipated  events  or 
hospitalizations  relating  to  the  study  regimen,  if  an  expected  or  anticipated  event  is 
documented  In  the  protocol,  then  it  does  not  have  to  be  reported  as  an  SAE. 
{Example:  Expected  Grade  4  myelosuppression  needs  only  to  be  reported  as  part  of 
the  study  results) 

•  All  events  falling  under  the  definition  of  serious  adverse  event  that  are  not  listed  in 
the  protocol  as  being  expected  or  anticipated,  and  occurring  within  30  days  following 
the  last  treatment  date,  must  be  reported  to  the  sponsor  within  the  specified  time 
frame  stated  in  the  protocol. 

•  All  deaths  with  possible,  probable  or  definite  attribution  to  the  study  drug,  device,  or 
intervention  must  have  a  written  report  submitted  to  the  Institutional  Review  Board 
(IRB)  via  the  Office  of  Protocol  Research  (OPR)  within  one  working  day  (24  hours) 
of  knowledge  of  the  event. 
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•  All  serious  adverse  events  other  than  that  stated  above  must  have  a  written  report 
submitted  to  the  Institutional  Review  Board  (IRB)  via  OPR  within  5  working  days  of 
knowledge  of  the  event, 

•  If  necessary,  the  sponsor  is  then  required  to  notify  the  Food  and  Drug  Administration 
(FDA)  within  7  calendar  days. 

•  All  unexpected  adverse  experiences  that  are  classified  as  Grade  4  must  be  reported 
by  following  the  guidelines  listed  above, 

•  Known  reactions  classified  as  Grades  1-3  do  not  need  to  be  reported.  However, 
these  toxicities  should  be  submitted  as  part  of  the  study  results. 

Procedure: 

•  Multiple  events  may  be  reported  on  one  form  as  long  as  ail  events  occurred  in  one 
patient  around  a  particular  time. 

•  The  PI  is  responsible  for  determining  attribution  for  both  internal  as  weii  as  external 
adverse  events. 

•  The  PI  is  responsible  for  completing  the  P!  section  on  both  the  internal  and  external 
events  form.  The  sections  that  must  be  completed  by  the  PI  are  clearly  indicated  on 
both  the  interna!  and  external  adverse  events  forms.  The  PI  may  delegate 
completion  of  the  remaining  information  on  the  form  to  a  member  of  the  research 
team,  but  the  Pi  may  not  abdicate  the  supervision.  The  P!  is  still  responsible  for  all 
information  submitted  on  the  forms. 

•  Follow-up  reports  must  be  submitted  in  the  absence  of  the  initial  report. 

•  Checking  the  box  marked  "follow-up  report"  and  signing  the  form  is  not  acceptable  if 
material  information  related  to  that  event  is  included  In  the  documents  submitted  to 
the  PI  by  the  sponsor  or  other  entity. 

•  The  risks  section  of  the  Informed  consent  document  must  be  submitted  with  the 
internal  and  external  adverse  event  form.  OPR  will  return  the  form  if  it  is  submitted 
without  the  risks  section  of  the  informed  consent  document. 

Serious  Adverse  Event  Reporting/Internal: 

The  attached  Internal  Adverse  Event  Reporting  form  should  be  used  for  submissions  to 
OPR,  If  the  study  sponsor  requires  a  protocol  specific  SAE  form  to  be  completed,  then 
the  attached  Addendum  must  be  completed  for  IRB  submission, 

External  Adverse  Event  Reporting/Safety  Reports: 

All  external  adverse  events/safety  reports  received  from  the  sponsor  should  be 
submitted  to  the  IRB  through  OPR.  The  attached  External  Adverse  Event  Summary 
should  be  utilized  as  the  coversheet  for  the  submission. 
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Appendix  -  j. 

Appendix  Subtitle:  MDACC  Research  informed  Consent  Process 

Revised  9/18/06 

Research  Informed  Consent  Process 

The  informed  consent  process  is  to  ensure  that  individuals  participating  in  clinical  trials  are 
informed  about  the  study's  purpose,  the  risks  and  benefits,  alternative  therapies,  and 
voluntarily  agree  to  participate.  It  is  a  process  that  should  provide  ample  opportunity  for  the 
person  obtaining  informed  consent  and  the  participant  to  exchange  information  and  answer 
questions,  The  process  will  also  provide  for  updates  to  the  informed  consent,  as  the  study 
requires.  This  policy  is  to  assure  study  participants  receive  adequate  information  in  the 
appropriate  manner,  timing  and  setting. 

All  areas  of  UTMDACC  conducting  clinical  research  are  expected  to  comply  with  this 
standard  procedure. 

MDA  Policy  and  Procedure: 

The  informed  consent  process  begins  when  a  potential  research  participant  is  initially 
contacted  regarding  a  study  by  the  investigator  or  his  staff.  Participants  should  not  be 
approached  about  a  potential  protocol  prior  to  that  study  being  approved  by  the  Institutional 
Review  Board  (IRB). 

The  attending  physician  shall  be  responsible  for  ensuring  that  the  informed  consent  process 
is  documented  by  the  use  of  a  written  consent  form  approved  by  (he  iRB  and  signed  by  the 
participant  or  participant’s  legally  authorized  representative  (unless  this  requirement  Is 
specifically  waived  by  the  IRB), 

Upon  activation,  each  page  of  the  informed  consent  document  is  imprinted  with  the  “IRB 
Approved  Consent”  stamp.  The  stamp  is  signed  and  dated  by  the  assigned  protocol 
compliance  specialists  and  distributed  to  the  principal  investigator,  Additional  copies  must 
be  made  and  distributed  by  the  department,  Consents  that  are  submitted  in  PDOL  will  be 
available  on-iine  following  activation. 

Only  the  most  recent  version  of  the  informed  consent  document  approved  by  the  IRB 
should  be  used  when  addressing  new  participants.  The  date  stamped  on  the  informed 
consent  document  should  correspond  with  the  informed  consent  date  in  the  Protocol  Data 
Management  System  (PDMS)/Clinical  Oncology  Research  System  (CORe)  during  the 
registration  process,  verifying  that  the  correct  version  of  the  document  has  been  signed. 
Consents  for  protocols  that  are  available  on-line  through  PDOL,  will  have  the  most  recent 
revision  date  typed  on  the  lower  right-hand  comer  of  the  document. 

Informed  consent  must  be  obtained  prior  to  the  initiation  of  any  protocol-specific  screening 
procedures  that  are  not  considered  standard  of  care. 

The  informed  consent  document  should  be  presented  in  a  language  that  is  understandable 
to  the  participant.  For  other  languages,  please  refer  to  the  Policy  on  Consenting 
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Non-English  Speaking  Participants. 

Informed  consent  will  be  obtained  under  circumstances  that  provide  the  participant  or  the 
participant's  legally  authorized  representative  sufficient  opportunity  to  ask  questions  and 
consider  whether  or  not  to  participate.  It  should  be  dear  that  the  subject  has  a  right  to 
withdraw  from  the  study  at  any  time. 

If  a  participant  chooses  to  withdraw  consent  for  a  study,  the  primary  investigator  must 
document  that  the  partidpant  is  "withdrawing  consent  to  partidpate  in  the  study"  in  the 
chart. 

Authority  to  obtain  informed  consent: 

•  The  principal  investigator,  regardless  of  how  his  or  her  authority  is  delegated,  remains 
ultimately  responsible  for  the  actions  of  those  to  whom  he  may  delegate  authority  in 
obtaining  the  informed  consent. 

•  The  principal  investigator  may  delegate  authority  to  those  individuals  who  are  licensed  as 
physicians  In  the  state  of  Texas  to  obtain  the  legally  effective  informed  consent  of  the 
participant  for  any  study  that  involves  drug  therapy,  surgery,  or  invasive  procedures. 

•  Following  a  discussion  between  the  physician  and  the  partidpant,  a  research 
nurse/coordinator  should  review  the  protocol  and  informed  consent  document  to  ensure  that 
the  participant  understands  the  protocol  procedures  and/or  treatments,  if  the  participant 
does  not  understand  the  research  nurse/coordinator  must  notify  the  physician  of  the 
participant's  concerns  or  lack  of  knowledge. 

•  Once  all  participant's  questions  and  concerns  are  addressed  the  physician  or  the  research 
nurse/coordinator  may  obtain  the  actual  signature  on  the  informed  consent  document.  It  is 
important  that  the  person  obtaining  the  informed  consent  must  have  an  adequate 
understanding  of  the  scientific  content  of  the  protocol. 

•  The  principal  investigator  may  delegate  authority  to  obtain  Informed  consent  to  a  individual 
who  is  not  a  physician  In  limited  circumstances  and  only  when  involving  protocols  with  no 
more  than  minimal  risk  and  do  not  involve  drug  therapy,  surgery  or  invasive  procedures.  An 
individual  obtaining  informed  consent  who  is  not  a  physician  should  be  described  in  the 
body  of  the  protocol  as  the  person  authorized  to  obtain  informed  consent. 

•  When  informed  consent  is  obtained,  the  person  obtaining  the  consent  from  the  participant 
or  the  participant's  legally  authorized  representative  must  sign  his  or  her  name  on  the 
informed  consent  document  where  the  investigator  signs.  By  signing  the  document,  the 
person  obtaining  consent  certifies  that  the  clinical  research  study  has  been  fully  discussed 
with  the  participant  and  that  all  requirements  for  obtaining  informed  consent  have  been 
followed. 


Completing  the  informed  consent  document; 

•  Verify  that  the  participant  is  being  presented  with  the  proper  version  of  the  informed  consent 
document. 
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•  The  participant  or  their  authorized  representative  must  sign  and  date  one  original  informed 
consent  document. 

•  The  principal  investigator  or  treating  physician  must  sign  and  date  the  same  original 
informed  consent  document. 

•  An  original  signed  informed  consent  document  should  be  placed  in  the  participant’s  medical 
record,  a  copy  should  be  given  to  the  participant  and  a  copy  placed  in  the  investigator’s 
protocol  file. 

Documenting  the  Informed  Consent  Process: 

The  informed  consent  process  must  be  documented  in  the  progress  notes  of  the  medical 
record  by  the  investigator  or  collaborator  explaining  the  protocol,  To  verify  that  the  consent 
process  was  completed  correctly,  the  documentation  should  include: 

•  UTMDACC  protocol  number  or  name  of  the  study, 

•  a  brief  statement  explaining  alternative  treatment  option  discussed, 

•  a  statement  that  the  informed  consent  document  was  reviewed  with  the  participant, 
including  the  risks  and  benefits  of  the  study, 

•  a  statement  describing  the  participant’s  decision.  Examples  include: 

"Participant  would  like  to  be  treated  on  study,  informed  consent  signed 
and  copy  of  original  given  to  participant." 

"Participant  wishes  to  take  informed  consent  home  to  review  with  family, 
will  follow  up  tomorrow  with  research  nurse  for  additional  questions  and 
desired  treatment  plan" 

“Participant  does  not  wish  to  participate  in  study  at  this  time.  Will  treat  off 
protocol  with..." 

•  If  the  participant  returns  on  a  later  date  to  sign  the  consent  form  a  note  should  be  placed  in 
the  chart  on  that  day  describing  the  interaction. 

•  A  statement  describing  when  the  treatment  is  scheduled  to  begin. 

Re-consenting: 

•  The  Informed  consent  document  is  considered  valid  for  30  days  from  the  participant's 
signature  date  to  begin  treatment.  If  treatment  has  not  begun  within  30  days  following  the 
signature  date  listed  on  the  informed  consent  document  then  the  participant  must  be 
reassessed  for  protocol  eligibility  and  a  new  consent  document  completed. 

•  If  there  is  any  material  change  in  the  participant's  status  after  informed  consent  is  obtained 
but  before  the  treatment  begins,  the  participant  must  be  reassessed  and  the  informed 
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consent  process  should  be  repeated, 

•  Participants  must  be  re-consented  if  there  are  changes  in  the  informed  consent  related  to 
safety  and/or  treatment. 

a.  If  the  informed  consent  document  is  revised  due  to  a  serious  safety  issue,  all  participants 
who  are  at  risk  for  developing  the  toxicity  should  be  notified  in  a  timely  manner. 

b.  Participants  who  are  off  study  and  considered  to  be  at  risk  for  developing  the  toxicity  should 
be  informed  of  any  new  serious  safety  issues  by  an  IRB  approved  letter. 

c.  The  participant's  medical  record  must  reflect  the  oral  and/or  written  re-consent  process 
including  protocol  number  or  title  of  study,  the  date  the  participant  was  notified  of  the 
change,  and  if  applicable  the  date  the  new  informed  consent  document  was  signed. 

d.  It  is  the  responsibility  of  the  principal  investigator  and  the  research  staff  to  ensure  that 
participants  are  informed  of  any  changes  that  may  influence  their  continued  participation  in 
a  protocol, 

Surrogate  Decision  Makers: 

If  an  adult  participant  is  incompetent  or  otherwise  mentally  or  physically  incapable  of 
communication  and  has  completed  an  Advance  Directive,  then  the  designated  agent  and 
the  attending  physician  may  make  health  care  decisions  for  the  participant. 

If  the  participant  is  incompetent  or  otherwise  menially  or  physically  incapable  of 
communication,  has  not  completed  an  Advance  Directive,  and  does  not  have  a  legal 
guardian,  then  the  attending  physician  and  one  person,  if  available,  from  one  of  the 
following  categories,  in  the  following  priority,  may  make  health  care  decisions  for  the 
participant; 

•  the  spouse: 

•  the  reasonably  available  adult  children; 

•  Ihe  parents;  or 

•  the  participant's  nearest  living  relative, 

When  a  surrogate  decision  maker  is  utilized,  a  witness  to  the  consent  process  must  sign  and 
date  the  informed  consent  document.  Preferably,  the  witness  should  be  someone  who  has  no 
interest  in  the  protocol.  The  participant's  spouse,  family  member  or  friend  would  be  the  ideal 
witness.  In  the  event  that  the  participant's  surrogate  decision  maker  is  alone  during  the 
informed  consent  process,  the  clinic  or  research  nurse/coordinator  can  sign  as  witness.  This 
information  should  be  clearly  documented  in  the  medical  record. 
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Appendix  -K. 

Appendix  Subtitle:  MDACC  Policy  Protocol  Deviation  and  Protocol  Violations 

University  of  Texas  M,  D,  Anderson  Cancer  Center 
Institutional  Review  Board  Policy  on  Reporting 
Protocol  Deviations  and  Protocol  Violations 


PURPOSE 

It  is  the  policy  of  The  University  of  Texas  M.D.  Anderson  Cancer  Center 
institutional  Review  Board  {UTMDACC  IRB)  to  comply  with  the  regulations 
governing  human  subjects  research  to  ensure  that  variations  from  approved 
research  protocols  are  appropriately  documented  and  communicated  to  the 
UTMDACC  IRB. 

POLICY 

STATEMENT 

The  purpose  of  this  policy  is  to  protect  human  subjects'  safety  by  mandating  that 
protocol  violations  and  deviations  be  submitted  to  the  IRB  for  review  within  a 
specific  timeframe. 

SCOPE 

This  policy  applies  to  all  human  subjects  research  at  (or  conducted  with) 

UTMDACC.  Industry  sponsored  studies  may  have  additional  requirements  beyond 
what  Is  stipulated  in  this  poffey. 

DEFINITIONS 

The  Institutional  Review  Board  (IRB)  -  means  any  board,  committee,  or  other 
group  formally  designated  by  an  institution  to  review,  to  approve  the  initiation  of, 
and  to  conduct  periodic  review  of,  biomedical  research  involving  human  subjects. 
The  primary  purpose  of  such  review  is  to  assure  the  protection  of  the  rights  and 
welfare  of  the  human  subjects 

Human  subject  -  a  living  individual  about  whom  an  investigator  conducting 
research  obtains  (1)  data  through  intervention  or  interaction  with  the  individual,  or 
(2}  identifiable  protected  health  information 

Principal  Investigator  (Pl)/Study  Chair  -  the  individual  responsible  for  the 
conduct  of  the  research  study 

Research  Team  -  co-investigators,  collaborators,  trainees,  staff,  and  classified 
employees  directly  involved  with  the  research 

Research  Protocol/Study  -  a  systematic  investigation,  including  research 
development,  testing  and  evaluation,  designed  to  develop  or  contribute  to 
generalizable  knowledge 

Protocol  Deviation  -  Noncompliance  with  the  protocol  that  does  not  have  a 
significant  effect  an  the  subject's  rights,  safety,  welfare,  and/or  the  integrity  of  the 
data.  Deviations  may  be  caused  by  the  action  of  the  subject,  the  investigator,  the 
research  staff,  or  natural  events. 

Examples: 

informed  Consent 

"Consent  form  used  was  not  current  IRB-approved  version  at  the  time  of  subject 
registration  (with  administrative  changes  only).- 
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'Consent  form  used  did  contain  new  information  that  would  affect  subject  safety  or 
subject  participation  on  trial,  but  tfie  subject  was  re-consented  in  a  timely  fashion 
(e.g.,  at  their  next  scheduled  appointment)  or  a  plan  to  notify  the  subject  of  new 
safety  information  is  submitted  and  approved  by  the  tRB. 


Treatment  and  Procedures 
*  Errors  in  dosing  not  affecting  subject  safety 
■Incorrect  timing  or  scheduling  of  doses  (error  less  than  +/- 10%) 

■Incorrect  timing  or  scheduling  of  doses  that  does  not  significantly  affect  subject 
safety 

■Additional  agent/treatment/procedure  used  which  is  excluded  by  protocol  that 
does  not  affect  subject  safety 

■Scheduled  appointment  is  +/-  2  days  from  that  defined  in  the  protocol 
■Subject  missed  appointment  due  to  factors  not  under  control  of  the  research 
team  members. 

Adverse  Events 

’Missing  Expected  Events  not  reported  as  required  by  protocol  or  Institutional 
policy. 

Evaluations 

'Laboratory  test  performed  off  schedule  (if  not  required  for  eligibility,  treatment, 
dose  modification,  dose-limiting  toxicity  (DLT)  determination,  or  to  assess  subject 
safety.) 


Protocol  Violation-  Changes  to  protocol  procedures  without  prior  approval  of  the 

iRB/Sponsor.  These  changes  may  have  a  significant  effect  on  the  subject’s  rights, 
safety,  welfare,  and/or  the  integrity  of  the  data,  and  may  cause  an  unanticipated 
problem  to  the  subject  or  others.  Violations  may  also  significantly  alter  the  clinical 
effectiveness  of  the  treatment  or  the  evaluation  of  Its  toxicity. 

Examples: 
informed  Consent 

*  Consent  form  missing 

*  Consent  form  not  signed  and  dated  by  the  subject 

*  Original  consent  form  signed  after  subject  started  on  treatment 

*  Consent  form  used  was  not  current  IRB-approved  version  at  the  time  of  subject 
registration  and  contained  new  information  that  would  affect  subject  safety  or 
subject  participation  on  trial.  (If  subject  was  re-consented  on  correct  1C/A  in  a 
timely  fashion  (e.g.,  al  their  next  scheduled  appointment),  or  a  plan  to  notify  the 
subject  of  new  safety  Information  is  submitted  and  approved  by  the  IRB,  then  il  is 
considered  a  protocol  deviation. 

*  Consent  form  doas  not  include  updates  or  information  required  by  IRB 

*  No  documentation  of  informed  consent  process  in  progress  notes 

*  Consent  not  obtained  for  optional  procedures 

Elldbilitv 

*  Review  of  documentation  available  at  the  lime  of  the  audit  confirms  subject  did 
not  meet  all  eligibility  criteria  as  specified  by  the  protocol 

*  Unable  to  locate  pre-study  evaluations  to  confirm  eligibility. 

Treatment  and  Procedures 

*  Incorrect  agent/trealment/procedure  used 

'  Additional  agent/treatment/procedure  used  which  is  excluded  by  protocol 
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*  Errors  in  closing 

■Incorrect  timing  or  scheduling  of  doses  (error  greater  than  +/- 10%) 

•Incorrect  scheduling  of  doses  that  affect  subject  safety 

*  Dose  modifications  not  followed  per  protocol  or  unjustified 

*  Assessments  for  determining  treatment  modifications  not  completed  as  per 
protocol 

*  Continuation  of  treatment  that  is  potentially  detrimental  to  subject 

Disease  Outcome  and  Response 

*  Tumor  measurements/evaluation  of  status  or  disease  not  performed  or 
documented  adequately  to  assess  baseline  or  interpret  response 

*  Documented  response  status  cannot  be  verified 

Adverse  Events 

*  Serious  or  Unexpected  Adverse  Events  not  reported  as  required  by  protocol 

Evaluations 

*  Diagnostic  testing  (e.g,,  labs  or  evaluations  not  completed  and  documented)  that 
are  required  to  determine  eligibility,  treatment,  dose  modification,  dose-limiting 
toxicity  (DLT)  determination,  or  to  assess  subject  safety 

*  Other  (i,e.,  data  inconsistencies  In  case  report  forms) 

INSTITUTIONAL  REVIEW  BOARD  PROCEDURES 


irb  review 
guidelines 

1. 

The  Pi  is  responsible  for  ensuring  that  dear  documentation  Is  available  in 
the  medical  record  to  describe  all  protocol  deviations  and  corrective 
action  taken.  A  log  of  all  deviations  should  be  maintained  by  the  PI  and 
kept  in  the  Pi's  regulatory  files. 

The  deviation  log  must  be  submitted  to  the  IRB,  at  least,  quarterly  for 
review.  The  IRB  will  issue  an  official  notification  letter  to  the  PI 
acknowledging  receipt  of  the  deviation  log.  This  notification  letter  should 
be  kept  in  the  Pi's  regulatory  binder  along  with  a  copy  of  the  deviation 
log. 

Pi’s  should  note  that  repetitive  deviations  may  warrant  a  change  to  the 
protocol  or  the  informed  consent  authorization  (IC/A), 

2, 

The  PI  is  responsible  for  ensuring  that  ail  protocol  violations  are 
promptly  reported  to  the  IRB  by  completing  the  Protocol  Violation 
Notification  Form.  When  reporting  violations  to  the  IRB,  the  PI  should 
Include  the  corrective  action  that  was  taken  to  ensure  the  violation  does 
not  occur  in  the  future. 

The  IRB  will  issue  an  official  notification  letter  to  the  PI  acknowledging 
receipt  of  the  Protocol  Violation  Notification  Form.  This  notification  letter 
should  be  kept  in  the  Pi's  regulatory  binder  along  with  the  completed 
Protocol  Violation  Notification  Form. 

POSSIBLE  actions 
the  Irb  may  TAKE 

Upon  review  of  the  Protocol  Deviation  Log  or  the  Protocol  Violation 
Notification  Form,  the  IRB  can  require  actions  that  may  inclLde  but  are  not 
limited  to: 

-Close  the  protocol  to  now  patient  entry 

■Revision  of  the  protocol  or  the  IC/A  to  address  the  deviation  or  the 
violation 
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■Notification  of  research  subjects  of  the  violation  If  It  may  have  an  impact 
on  their  safety  or  participation  in  the  research 

■Assignment  of  the  oversight  of  the  protocol  to  an  independent  monitoring 
board  (e.g.,  Data  Safety  and  Monitoring  Board  or  outside  entity,  if 
appropriate). 

■Accept  the  investigator's  corrective  action  plan 

Penalties  for 
non-compliance 

Failure  to  comply  with  this  policy  may  result  in  temporary  or  permanent 
suspension  of  the  research  and/or  the  investigator's  research  privileges. 

In  accordance  with  45  CFR  46.1 13,  any  suspensions  or  terminations  of 
approval  will  be  reported  promptly  to  the  Investigator,  to  the  appropriate 
Institutional  officials,  and  possibly  the  federal  department  or  agency  head  1 
responsible  for  oversight  or  funding  of  the  research. 

REFERENCE: 

21  CFR  56.108 
21  CFR  56.109 
21  CFR  56.111 
ICH  GCP4.5 


STRATEGIC  VISION:  From  the  following,  please  select  the  appropriate  goal(s) 

applicable  to  this  policy  and  identified  in  the  2005-2010  Strategic  Vision: 

Goal  2:  Enhance  the  quality  of  existing  research  programs  and  develop  priority 

programs  for  the  future. 


